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Abstract 
The research described in this thesis is aimed at demonstrating the synthetic utility of the 
asymmetric amino-Cope rearrangement and highlight its potential for future application 
in natural product synthesis. 
Using the recently developed asymmetric anionic amino-Cope methodology, 
rearrangement of diasteromerically pure 3-amino-l,5-hexadiene substrates provided the 
target aldehyde in good yield and with high levels of asymmetric induction (up to 94% 
e.e.). 
The aldehyde obtained was used for the successful formation of2,4-disubstituted lactones 
with no apparent loss of stereochemical integrity. This could lead to a plausible route to 
biologically significant compounds. 
E 
o Ph Oxidation 
H~ Cyclisation 
o 
Further studies have shown that the pathway of the anionic amino-Cope rearrangement of 
3-amino-I,5-diene substrates with additional substituents at C-4 or C-6 does not proceed 
solely by a concerted mechanism. We have found that the mechanistic pathway can be 
influenced by the choice of solvents and additives. 
11 
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Chapter 1 
Introduction 
1 
1.1. Introduction 
1.2. PericyC\ic Reactions 
Pericyclic is the name given to a family of chemical reactions that consist of a cyclic 
transition state with no charged intermediates. During the transition state, concerted 
rearrangement of electrons take place causing 0'- and It-bonds to simultaneously break 
and form, often with high stereos electivity. \ Characteristics shared by these reactions 
include: insensitivity to solvent changes, presence of radical initiators or scavenging 
reagents, or (with some exceptions) the presence of electrophilic or nucleophilic catalysts. 
The reactions are potentially reversible. There are a variety of pericyclic reactions, these 
include: 
• Cycloaddition 
• Electrocyclic Reaction 
• Group Transfer Reaction 
• Cheletropic Reaction 
• $igmatropic Rearrangement 
1.2.1. Cycloaddition 
Cycloaddition involves a stereospecific reaction in which the net result is loss of two It-
bonds and gain of two O'-bonds with electrons moving smoothly out of the It-orbitals into 
the O'-orbitals, round in a ring.2 This is a one step reaction with no intermediates and one 
transition state. A popular example of this type of reaction is the [4+2] cyclisation known 
as the Diels-Alder reaction, where the number in the brackets refers to the backbone size 
of the reactants. The Diels-Alder reaction3 was discovered in 1928 by Professor Otto 
Diels and his student Kurt Alder and was used for the synthesis of products 4 and 5, as 
illustrated in Scheme 1. 
2 
0 
~ 0 0 :t: 0 Diels-Alder + • o ' q 0 
1 2 3 endo 
j 
0 0 
H ~ aD Diels-Alder • H H 0 0 0 
5 diadduct 4 monoadduct 
Scheme 1. The Diels-Alder Reaction 
The reaction consists of two 7t systems, one contributing four 7t electrons and the other 
two 7t electrons (Figure 1), that results in a transition state consisting of six delocalised 7t-
electrons and is aromatic in nature. The intermediary of the endo transition state governs 
the stereochemical outcome of the reaction,4 affording the corresponding product as the 
cis isomer. 
Inew n bond I 
, 
, 
'~ _--I new" bond I ~\#' 
,\ .. 
I new" bond 1-- -- ~ 
O~O 
Figure 1. Showing Bond Formation 
3 
The thennal Diels-Alder reaction proceeds via Huckel topology and usually occurs in a 
suprafacial-suprafacial manner. It may also occur in antrafacial-antrafacial manner, 
however, this is rare. 5 
In 1952, Woodward et al.6 applied new levels of creativity to the reaction, through a 
highly elegant and instructive synthesis of complex molecules. The authors used the 
reaction as a key step for the precursor towards the total synthesis of the steroid honnones 
cortisone 10 and cholesterol 11,6 Scheme 2. 
~Me 
Meo~ 
o 
o 
6 
10 
Diels-Alder 
Me~o ~I I ~ ( OMe 
butadiene, 
1 00 Qc, 96 hrs 
• 
o 
W
O Me 
I I 
MeO R 
Epimerisatlon 
aq. NaOH, dioxane 
1 N aq. HCI 
o 
9 
steps 
and 
Me 
HO 
11 
R 
Me~Me 
o E:'--: 
7 endo TS 
1 
ftr Meo~ 
o 
8 
Me 
Me 
:j: 
Scheme 2. Synthesis of Steroid Hormones via Diels-Alder Cycloaddition Reaction 
4 
Quinone 6 was reacted with butadiene in benzene at 100°C for 96 hours. The reaction 
underwent smooth Diels-Alder cycloaddition to form a bicyclic adduct 8 via the 
intermediary of endo transition state 7. The eis-fused system was converted to the 
thermodynamic more stable trans-fused system 9 through based induced epimerisation. 
The substrate then underwent a ring-construction process leading to the corresponding 
steroid products 10 and 11. 
Woodward et al.6 noted that the regioselectivity of the intermolecular Diels-Alder 
reaction can be affected by using a different quinone nucleus, i.e. the more electron-rich 
methoxy substituted olefin would be less dienophilic than its methyl substituted 
counterpart. Furthermore, this rearrangement demonstrates that not only a cyclohexene 
ring is generated through the formation of two new a-bonds, but up to four contiguous 
stereocenters are also concomitantly fashioned in the process. This occurs as a result of 
the regio-and stereospecific nature of the Diels-Alder reaction and the diastereoselectivity 
of the union based on the Alder endo rule, which allows to predict the formations ofthese 
chiral centres in a relative sense.7 
Over the years, the Diels-Alder cylcoaddition reaction has afforded numerous and 
unparallel solutions in synthetic chemistry in the form of total synthesis of natural 
products. Furthermore, the reaction has been developed immensely with enhanced levels 
of regio and stereoselectivity (relative and absolute), milder reaction conditions, and 
introduction of asymmetry in unsymmetrical diene and/or dienophile units with specific 
steric and electronic properties. This has been achieved through the use of Lewis acid 
catalysts,S chiral auxiIiary,9 chiral catalystslO and Danishefsky's diene. l1 For an indepth 
account of the Diels-Alder cycloaddition reactions, readers are recommended to see a 
recent review by Nicolaou et aC 
1.2.2. Electrocyclic Reactions 
Woodward and Hoffman defined the electrocycJic reaction as the formation of a single 
bond between the termini of a linear n-electron system and the converse process,12 
Scheme 3. The reverse reaction is called electrocyclic ring opening and the reaction 
5 
proceeds by converting a cr-bond to a n-bond, as indicated by the red arrows in Scheme 3. 
One of the major factors which governs the direction of the reaction is relief of ring 
strain. I> 
Scheme 3. Electrocyclic Reaction of Trans-cis-trans 2,4,6-octatriene to give a Cis 
Substituted Ring 
These transformations like all pericyclic processes, are known to proceed in a highly 
stereospecific manner under thermal and photochemical conditions. However, under 
photochemical conditions, the stereospecificity of the corresponding product will be 
opposite to that achieved via the thermal process. 
As demonstrated in Scheme 4, going from the acyclic triene to the cyclic diene, a cr-bond 
is formed and a n-bond is broken, since the C-C cr-bond are stronger than the C-C n-
bonds. The process is exothermic and the reaction is driven towards the unstrained 
cyclised product via the disrotatory process in the thermal reaction. Conversely, the 
photochemical reaction proceeds via a conrotatory process giving rise to the cis isomer 
from the (E,Z,Z)-triene whilst the thermal reaction gives frans isomer. 
6 
therE CC ~ c:: ' dis cis con ~ 1,/.'/ (E,Z,E) ~n a, / ~ ~ ...... # (E,Z,Z) . thermal 
trans 
Scheme 4. 
Since its discovery, the electrocyclic reaction has played an important role in synthetic 
chemistry, including the preparation of a.-tetralones from benzocyclobutenones,I4 Linear 
fused cyclenones and a.-tetralones are known to provide a route to synthetic useful targets 
including anticancer agents. 
Wallacel4 prepared a.-tetralones by addition of substrate 12 to benzocyclobutenone 13 
followed by methylation of the resulting carbinol to give ether 14. Hydrolysis of the 
acetal function of 14 gave the corresponding alkynol 15, which was reduced to the (E)-
alkenol 16. Alkenol 16 was transformed to enol ether 17 via thermal 471 and 671 
electrocyclic reactions and subsequent hydrolysis leading to diastereomeric mixture of a.-
tetralone 18. 
7 
R 
~R 
OTHP 
+ 9=t' 0 1) n-BuLi, THF ~ . 
2) Mel, A920 
R 
12 13 
)rlMe YU"""~R 
R OH 
16 
Red-AI, toluene 
THF 
9 f~~, 
R OTHP 
14 
j MeOH, H+ 24 hrs 
9 f~~, 
R OH 
15 
R 0 
R 
H 
R OH 
18 
Scheme 5. Preparation of a-Tetralones via Thermal Electrocyclic Reactions 
Wang1S recently illustrated the use of an electrocycIic reaction for the generation of 0-
quinodimethanes from enediallenes derived from an organoborate complex. Treatment of 
allenydicyclohexylborane 19 with substrate 20 and Me3SnCI formed organoborate 
complex 21, which then underwent electrocyclic reaction generating o-quinodimethane 
22. The subsequent [1,5J-sigmatropic hydrogen shift furnished product 24 as a mixture of 
E and Z isomers in the ratio of 84:16 in 60% yield, Scheme 6. 
8 
Bu 
-C=< +~ Bu 
Li 
20 
23 
1) H20iNaOH 1 
2) CH3C02H 
Bu 
~~pr ~I HO 
24 
21 
1 
Electrocyclic 
Reaction 
22 
Scheme 6. Generation of O-quinodimethanes via Electrocyclic Reaction 
Wang1S postulated that the severity of the relative allylic strain in A(I,2) in 22a versus the 
A(I,3) allylic strain in 22b (Figure 2) during the electrocyclic reaction determines the 
ratio of E and Z isomers in the product and hence generating enediallenes with high 
geometric purity. Furthermore, the presence of boron and tin substituents in the cyc1ised 
adducts affords opportunities to introduce other functional groups onto the benzene ring. 
9 
22a 
Figure 2. 
1.2.3. Group Trausfer Reactions 
Group transfer reactions are pericyclic reactions where a It-bond is converted to a a-bond, 
at the same time the a-bond migrates i.e. redistribution of three pairs of bonding 
electrons. Unlike the electrocyclic reaction no rings are formed or broken unless it is an 
intramolecular reaction. As all other pericyclic reactions, it involves a concerted cyclic 
transition state and the reactions are reversible. The most well known group transfer 
reaction is the enel6 reaction, Scheme 7. 
'{'( 
X 
Scheme 7. The Ene Reaction 
Ene reaction involving carbonyl enophiles, is one of the simplest way for C-C bond 
formation, which converts readily available alkenes, with substitution for allylic C-H 
bond and allylic transposition of the C=C bond, into a more functionally complex 
derivatives, 17 Scheme 8. 
10 
+ 
25 
Scheme 8. Ene Reaction 
The asymmetric ene reaction of carbonyl compounds with alkenes provide a potentially 
valuable access to optically active homoallylic alcohols.18 However, in the early reports 
of cne reactions, the absolute stereochemistry was reagent-based controlled, as 
exemplified by the use ofchiral glyoxylate esters as the enophile component. 19 In 1988, 
Yarnamoto reported the first example of an asymmetric ene reaction of prochiral 
aldehydes and alkenes catalysed by a chiral Lewis acid (modified binaphthol-derived 
aluminium reagent 31), affording optically active homoallylic alcohol in both 
enantiomeric forms with high enantiomeric purity,20 Scheme 9. 
28 29 
0, 
AI-Me 
d 
SiP~ 
(R)·31 (1.1 eqv.) 
• 
CSF5'('1(BUt 
OH 
30 
yield = 90% 9.9. = 88% 
Scheme 9. Asymmetric Ene Reaction Catalysed by Chiral Lewis Acid 
This advance was further extended by Mikami and Nakai21 for the asymmetric synthesis 
of a-hydroxy esters in high enantiomeric excess from catalytic asymmetric ene reactions 
with prochiral glyoxylate. The catalyst they used was a chiral titanium complex of type 
(R)-35. Methyl glyoxylate 33 was reacted with isobutylene 32 in the presence of chiral 
11 
titanium complex (R)-35 catalyst, furnishing the a-hydroxy ester 34 in 72% yield with an 
enantiomeric excess of95%, Scheme 10. 
o 
A H C02CH3 
32 33 
(R)-35 (10 mol%) 
CH2CI2 Jet C02CH3 
34 
e.e. = 95% 
Scheme 10. Synthesis of a-Hydroxy Esters using Catalytic Asymmetric Ene 
Reaction 
The authors reported that this catalytic method is applicable to a variety of 1,1-
disubstituted olefins which provide the corresponding ene product in both enantiomeric 
forms with extremely high enantiomeric purities. However, the utility of this procedure 
does not extend to mono- and 1,2-disubstituted olefins. This setback was overcome by 
Evans et at.22 in 1998 by introducing a chiral Cu (ll)-based Lewis acid for the effective 
enantioselective addition of a variety of olefins to glyoxylate esters to provide a-hydroxy 
esters. All three catalysts afforded the corresponding product in high enantioselectivity 
and yield, however, the reaction catalysed with Cu (ll) complex 41 gave the resulting 
product with the absolute stereochemistry opposite to that produced by catalyst 39 and 40, 
Scheme 11. 
12 
------------- ~---------------------
2+ 
Me Me I 
o--{)--o 
S)'CG
1N
-< 
Me2C CM~ 
2 SbF6-
39 
10 mol% cat 
• ~OEt U ~H 
2+ 
Me Me I 
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40 
38 
39 or 40: 8.e. = 97% (S) 
41 : e.e. = 87% (R) 
Me Me I 
o--{)--o <yJ'CGIN~ 
Ph Ph 
2 no-
41 
Scheme 11. Synthesis of a-Hydroxy Esters by Evans 
2+ 
One of the downfalls of the carbonyl ene reaction is the lack of regioselectivity when 
applied to unsymmetrical alkenes. Mikami and Nakae3 overcame this predicament by 
using the vinylsilane 42 as the ene component in the Lewis acid-promoted carbonyl-ene 
reaction, which proceeded in a highly regio-controlled fashion, Scheme 12. 
0 SiMSJ SiMSJ 
SiMSJ A 
.,X ~H ~ H C02Me • + SnCI4 
42 43 44 
Ratio = 100 0 
Scheme 12. Carbonyl-Ene Reaction with Vinylsiliane 
13 
The selectivity of the reaction arises due to the steric bulkiness of the trialkyl silyl group, 
as demonstrated in Figure 3. The regiocontrol of the reaction arises due to enhanced 
steric interaction of SiMe3 and C02Me in the six-membered transition state which causes 
the reaction to proceed via transition state A leading to the formation of product 43 as a 
single regioisomer. 
A B 
Figure 3. 
The reaction with trans vinylsilane is found to give the threo product with remarkable 
enhanced selectivity (98%), Scheme 13. 
0 SiMe3 SiMe3 
SiMe3 J( 
M'o,:::C:::: ' M'o,:::C:::: 
~ H C02Me • 
SnCI4 
45 threo 46 erythro 47 
98 2 
Scheme 13. Regio- and Stereo-Controlled Ene Reaction using Vinylsilane 
The enhancement in diastereoselectivity of the reaction is explained as a consequence of 
increased steric 1,3-repulsion of SiMe3 and C02Me in transition state B, Figure 4. 
14 
A B 
Figure 4. 
1.2.4. Cheletropic Reactions 
A cheletropic reaction incorporates features of both cycloaddition and electrocyclic 
reactions. In this reaction, two er-bonds, which are directed to a single atom, are made or 
broken concertedly i.e. the reaction involves the addition to or extrusion from a 
conjugated system of a group bound through a single atom.24 
A popular example is the reversible addition of sulphur dioxide to butadiene, Scheme 
14.25 There is a formal loss of one It-bond in the addition product and an increase in the 
coordination number ofthe relevant atom ofthe reagent. 
< 100 QC 
• 
> 100 QC 
Scheme 14. A Cheletropic Reaction 
The direction of the reaction is temperature dependant, whereby the equilibrium favours 
the addition product at temperatures below 100 QC. However, above 100 QC the cyclic 
sulphone decomposes back to 1,3-butadiene. 
The cheletropic reaction has been used by synthetic chemists over the years for the 
extrusion of simple stable molecules such as S02, CO, N02 or N20 in a single concerted 
step. Recent examples include the use of cheletropic reactions by Nicolaou26 for the 
15 
elimination of S02 during the stereoselective synthesis of steroids and other polycyclic 
systems. 
Estra-I,3,5(IO)-triene-17-one 50 was constructed by intramolecular capture of 0-
quinodimethane generated by cheletropic elimination of S02 from easily accessible 
precursor 48, Scheme 15. 
o o 
210 cc, 8 hrs 
:::-... :::,.... 
di-n-butyl c{7' "'''' phthalate 
• 
48 49 50 
Scheme 15. Preparation of Estra-l,3,5(10)-triene-17-one via Cheletropic 
Elimination of S02 
1.2.5. Sigmatropic Rearrangements 
o 
The sigmatropic rearrangement is a unimolecular process involving the movement of a a-
bond across one or two conducting n-electron systems, whose double bonds are 
reorganised in the process.! This gives the product a new a-bond between atoms 
previously not directly linked and the breakage of an existing cr-bond, whilst maintaining 
the total number of a- and n-bonds. These rearrangements are described by the two 
numbers set in brackets, which refer to the relationship of the new a-bond to the old a-
bond,27 Scheme 16. The name "sigmatropic rearrangement" was given by Woodward 
and Hoffman28 since the adjective sigmatropic indicates the movement of sigma bonds. 
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Scheme 16. [3,3] Sigmatropic Rearrangement 
The [3,3] sigmatropic rearrangement results in a six It-electron reorganisation. The main 
characteristic of [3,3] sigmatropic rearrangement, like all pericyclic processes, is 
stereospecificity. Since the rearrangement proceeds through a highly ordered transition 
state, it allows the prediction and control of both relative and absolute stereochemistry in 
the desired product i.e. the geometry of the starting material dictates the stereochemistry 
of the product. This makes the [3,3]-sigmatropic rearrangement a highly interesting 
process for the synthesis of natural products. The most well-known [3,3] sigmatropic 
reactions are Claisen29 and Cope30 rearrangements. 
1.2.5.1. The Claisen Rearrangement 
The Claisen rearrangement was discovered in 1912 by 1. Claisen.29 The rearrangement is 
similar to the Cope rearrangement, in that both involve a [3,3] sigmatropic rearrangement 
with electrons moving in a concerted manner around the ring starting from the a-bond. 
However, in the Claisen rearrangement there is a heteroatom within the hexadiene 
framework Scheme 17. 
x = 0, N or S 
Scheme 17. Claisen Rearrangement 
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The most popular heteroatom is 0 and the rearrangement is known as a simple Claisen or 
Claisen-Cope rearrangement, other variants include aza-Claisen (X=N) and thio-Claisen 
(X=S). In a simple Claisen rearrangement, a strong C=O bond is generated during 
rearrangement and since C=O bonds are stronger than C=C bonds the products are highly 
favoured at equilibrium?l Scheme 18, shows the formation of ortho- and para-
substituted allyl phenol from the rearrangement of allyl aryl ether under thermal 
conditions.32 Essentially there are two steps: (1) [3,3] sigmatropic rearrangement and (2) 
a simple ionic proton transfer reaction to regenerate aromaticity. 
Step 1 
[3,31 
• 
Step 2 
roH±l F'f0 11 ionic 
~ proton transfer 
~OHII 0J 
H 
P'?// 0 proton transfer /- ionic HO~ 11 0J 
Scheme 18. Claisen Rearrangement of Allyl Phenyl Ethers 
1.2.5.1.1. The Claisen-Cope Rearrangement 
This type of rearrangement is similar to the Claisen rearrangement but without the 
aromatic ring, Scheme 19. 
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Scheme 19. Claisen Cope Rearrangement 
The rearrangement occurs through a chair-like transition state, this allows getting the 
position of the orbitals right and predicting the stereochemistry of the new double bond. 
Scheme 20, shows that the new a-bond is formed from two p orbitals that point directly 
at each other and the two new It-bonds are formed from orbitals that are parallel. 
old cr· bond breaking 
O. : new 7t·bond forming 
"--:~ neW7t.bondfOrming ... ~ . 
• 
new ,,·bond forming 
old ban? breaking 
, 
, 
, 
[i·:r-
new bond forming 
Scheme 20. Transition State in Claisen-Cope Rearrangement 
The orbital description of the Claisen-Cope rearrangement shows that the reaction is 
reversible. As with the Claisen rearrangement, the reaction is driven towards the right 
hand side by the formation of the carbonyl compound i.e. keto form more stable than the 
enol form. 2 
As shown in Scheme 21, if there is a substituent on the saturated carbon next to the 
oxygen atom, then stereochemistry will arise. The substituent R prefers an equatorial 
position on the chair transition state and R retains this position in the product, therefore 
the resulting double bond strongly favours the trans (E) geometry. 
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• 
Scheme 21. Stereochemistry in Claisen Cope Rearrangement 
A substituent at the C-3 position of the substrate generates new chiral centres in the 
unsaturated aldehyde product and control over the relative and absolute stereochemistries 
at these centres are known to be provided either through the use of chiral auxiliaries, 
chiral catalysts or reagents,33 
The Claisen-Cope rearrangement can be promoted by heat as part of the same or separate 
step, depending on the compounds. The rearrangement consists of a very flexible 
reaction sequence, making the Claisen-Cope rearrangement a powerful tool for the 
synthesis ofy,o-unsaturated carbonyl compounds. 
In 1990, Yamamot034 reported the first example of enantioselective Claisen 
rearrangement catalysed by a chiral Lewis acid. The authors used modified chiral 
binapthol-aluminium complex [(R)-53] to mediate the asymmetric Claisen rearrangement 
of silylated (E)-substrate 51, the rearrangement proceeded via a chair-like transition state 
to give silyl ketone 52 with high level of enantiomeric excess (88%), Scheme 22. 
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SiSuM"2 
(R)-53 
52 
Scheme 22_ Lewis Acid Catalysed Claisen Rearrangement 
However, the rearrangement of the (Z)-substrate 54 gave the corresponding product with 
the same stereochemistry as the product from (E)-substrate 51. Yamamoto explained that 
this was due to the steric repulsion between the allylic substituents and the bulky silyl 
group in the chair-like transition state, which forced the (Z)-substrate 54 to rearrange via a 
boat-like transition state, Scheme 23. 
Ph~ Jl ~o TMS 
54 
(R)-53 
52 
/ 
Scheme 23_ Claisen Rearrangement via a Boat-like Transition State 
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A more recent example of the enantioselective Claisen rearrangement was demonstrated 
by Taguchi and ItO.35 The authors used a chiral boron reagent (S,S)-58 for the 
enantioselective synthesis of ~-substituted-a,a-difluroketone 57 from difluorovinyl allyl 
ether derivative 55. The rearrangement proceeded smoothly with moderate to high level 
of enantioselectivity (85% e.e.), Scheme 24. The efficient chiral transfer may have 
occurred due to the formation of a covalent bond between a chiral boron reagent and the 
phenolic hydroxy group 56. 
Ph .rh 
'r--{ 
R~O 02S-N, /N-S02 :70 OH I B I OH Tal I Tal Fro Br R F :::-... I (S,S)-58 F F 
Et3N 
55 57 
~ L' / ~ ~L* R~o",B,O Fro F :::-... I 
56 
Scheme 24_ Enantioselective Claisen Rearrangement using Chiral Boron Reagent 
However, several problems were encountered in the aromatic Claisen rearrangement, 
these included: the ortho, para-selectivity of migration, high temperatures required to 
initiate the rearrangement, racemisation during rearrangement and synthesis of the non-
racemic precursors.36 
These problems were addressed by Taguchi and !to,37 who used a chiral boron reagent in 
the presence of triethylamine at low temperature to give the corresponding product (S)-60 
in 89% yield with excellent enantioselectivity (94%), Scheme 25. 
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Scheme 25. Enantioselective Aromatic CIa is en Rearrangement 
OH 
The high regio- and stereo-selectivity of the reaction can be rationalised by the formation 
of the boron-phenoxide intermediate 61, which then undergoes ortho-rearrangement to 
give the corresponding product. In this proposed intermediate, the phenolic hydroxy 
group forms a covalent bond with the boron reagent followed by co-ordination of the 
allylic oxygen to the boron atom to form a cyclic five-membered complex. Steric 
shielding provided by one of the sulphonamide ligand leads to selective si-face approach 
of the allyl system during rearrangement, Figure 5. 
61 
Figure 5. 
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1.2.5.1.2. The Ireland-Claisen Rearrangement 
One of the most significant advances in the Claisen rearrangement was the discovery of 
the Ireland-Claisen rearrangement in the 1970's by R.E. Ireland.38 This is a very 
powerful procedure that promotes [3,3J-sigmatropic rearrangement in substrates with one 
oxygen atom in the ring and another one outside the ring. Ester enolisation with lithium 
dialkylamide bases,39 followed by silylation with TMS-CI generates reactive silyl ketene 
acetals, which upon thermal [3,3J-sigmatropic rearrangement and work-up, yield y,8-
unsaturated carboxylic acids, showing the same E selectivity as the simple Claisen 
rearrangement, Scheme 26. 
R 0 R OU ~O~ L~hium dialkylamide ~O~ • 
11 
'~ Me3SiCI R~ o 0- • 0'( 
OSiMEl,J OU 
[3,31 1 
R'Q 
H+. H2O 0 HO~R 
OSiMEl,J 62 
Scheme 26. The Ireland-Claisen Rearrangement 
The Ireland-Claisen rearrangement has been widely applied in organic synthesis III 
particular for the preparation ofbioactive and natural products.4o 
The versatility of this variant extends to mild reaction conditions, a highly reliable and 
predictable transfer of stereochemistry from the starting material to the product through a 
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highly ordered transition state as a result of efficient control of ketene silyl acetal 
geometry41 and not least the high degree of compatibility with substrate types. 
In 1991, Corel4 reported the first enantioselective Ireland-Claisen Rearrangement of 
achiral allylic ester 63, using a chiral boron reagent 66, which led to the selective 
formation of (Z)-enolate 64. Claisen rearrangement of 64 afforded the anti isomer 65 
with excellent diastereo- and enatioselectivity (96% e.e.) in 65% yield, Scheme 27. 
o 
o~ 
~ 
63 
• 
64 65 
Scheme 27. Enantioselective Ireland-Claisen Rearrangement 
The geometry of the boron-enolate could be controlled by the choice oftertiary amine and 
solvent. The high distereoselectivities resulted from the efficient control of enolate 
geometry and the preferred chair-like transition state during rearrangement. 
The efficiency of this rearrangement method was further demonstrated by the application 
to the synthesis of natural products, (+)-fuscol 6943 and dolabelIatrienone 70.44 The 
precursor towards the synthesis of fuscol 69 was prepared from Claisen rearrangement of 
3-methyl-lenebutonic acid geranyl ester 67 by using chiral boron reagent 66, this gave the 
corresponding product 68 after lithium aluminium hydride reduction of the carboxy group 
of the rearranged product, Scheme 28. 
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Scheme 28. Preparation of (+)-fuscoI69 via Ireland Claisen Rearrangement 
1.2.5.2. The Cope Rearrangement 
The most basic form of the [3,3] sigmatropic rearrangement is known as the Cope 
rearrangement, discovered by Arthur C. Cope in 1940.30 Here, an allyl group migrates 
rather than a single carbon atom, Scheme 29. The Cope-rearrangement is reversible and 
the starting material and product diene exist at equilibrium at rearrangement temperature 
through a cyclic transition state. The electron count is six (4n+2) and the reaction is 
thermally allowed via Huckel topology with suprafacial components. This leads to the 
main product, which is the thermodynamically more stable regioisomer. 
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Scheme 29. The Cope-Rearrangement 
The reaction is invisible, if the diene, as in Scheme 29, does not have substituents. As 
illustrated in Scheme 30, deuterium labelling studies45 have confirmed that a change has 
taken place. Furthermore, the activation energy for Cope rearrangement of 1,5 hexadiene 
is about 34.3 kcal/mo1.46 This is far below the energy required to homoiytically cleave a 
C-C single bond (about 85 kcallmol), confirming that the rearrangement is concerted. 
D~ 
D~ 
D 
Scheme 30. Deuterium Labelled Cope Rearrangement 
The Cope reaction is characterised by large negative entropy of activation (due to the 
aromatic character of the transition state), is relatively insensitive to substituents and 
solvent effects, and is highly stereoselective. 
Although the Cope rearrangement is generally regarded as a concerted process involving 
a cyclic transition state as demonstrated in Scheme 31, there have been numerous reports 
proposing the involvement of a non-concerted pathway,45, 47·51 following a diradical 
intermediate or a diallylation reaction. In a diradical reaction, bond breaking precedes 
bond making i.e. the bond between C-3 and C-4 completely cleaves prior to radical 
recombination as demonstrated in Scheme 32. 
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Scheme 31. The Concerted Pathway 
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Scheme 32. The Diradical Pathway 
On the other hand, in diallylation reactions the bond between C-3 and C-4 breaks 
heterolytically giving ionic rather than radical intermediates, Scheme 33. 
Scheme 33. The Diallylation Pathway 
Studies by Dewar47 and others48•51 have demonstrated that the position and type 
(conjugating47 or donor48) substituents on the diene moiety can alter the reaction rate 
depending on whether they stabilise the transition state or ground state more effectively.49 
The transition state could range in character from l,4-diradical to two nearly independent 
allyl radicals, depending on whether the bond making or bond breaking is more 
advanced,5o Scheme 34. 
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Scheme 34. 
The position of the equilibrium can depend on the following factors: 
• Alkyl substitution - in the absence of any conjugating substituents, the reaction 
generally favours the side containing more-substituted double bonds. 
• Conjugation of one or both ofthe double bonds with 1t-substituents.52 
• . Incorporation of one of the double bonds into an aromatic system is highly 
favoured and drives the reaction to completion. 
• Removal of ring strain in three and four member ring dienes can force equilibrium 
in favour of formation ofIess strained products.53 
• By formation of a carbonyl group in the product. 
The synthetic value of Cope rearrangements and the remarkable degree of 
stereospecificity are due to a number of characteristics: 
• Thermal activation is possible thus accommodating acidlbase sensitive groups. 
• Location of new single and double bonds is unambiguously and predictably fixed. 
• Reaction is extremely stereospecific due to the highly ordered cyclic transition 
state?O 
• Development of new analogues has enabled the use of lower temperatures and 
easier access to the diene substrates. 
1.2.5.2.1. Stereocontrol in the Cope Rearrangement 
All Cope rearrangements exhibit high levels of stereocontrol and this is a result of the 
cyclic transition states involved.54 Considering only suprafacial-suprafacial geometries, 
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two limiting confonnations are possible for the six member transition state, "chair" and 
"boat" confonnation, Figure 6. 
--,~ , ...., 
, ........ , 
:;':;---::'.::.::./ 
Chair 
/~ ~: 
Boat 
Figure 6. Transition State for the Cope Rearrangement 
The rearrangement mainly proceeds via a chair like transition state in acyclic systems. 
This is because the orbitals at the tennini C-3 and C-3' during rearrangement can approach 
each other more favourably as demonstrated in Figure 7. 
Figure 7. The Chair-Like Transition State 
However, if the diene is unable to attain a chair confonnation during the transition state, 
the reaction becomes slower and requires more forceful reaction conditions to allow it to 
proceed. 
Doering and Roth55 demonstrated that the preferred chair transition state was attained 
during the Cope rearrangement of acyclic I,S-dienes. Meso-3,4-dimethyl-l,S-hexadiene 
71 rearranged almost exclusively to the (E,Z)-isomer of 2,6-octadiene, whilst the racemic 
starting material 72 afforded 90% of the (E,E)-octadiene, Scheme 35. In conclusion, 
Doering and Roth55 stated that in a Cope rearrangement, where free choice of geometry of 
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the transition state is possible, the four-centred, chair-like arrangement is kinetically 
favoured over the six-centred boat-like form by a difference in free energy of activation 
of at least 5.7 kcal/mol. They postulated that the lower energy of the four-centred (chair-
like) orientation was due to possible effects of difference in conformation and orbital 
overlap. 
~ 
- --b ---c::: 
~ Chair (E,Z) 99.7% I~ 
meso ~ ~ 71 ---c::: Boat (E,E) 0.3% 
~ 
- ~ Chair I -.c::: 
It 
(E,E) 90% 
:c ~ ~ -",. 
racemic Chair 11 (Z,Z) 10% 
72 
11 
'P ? Boat 
(E,Z) 0% 
Scheme 35. Rearrangement Performed by Doering and Roth55 
The chair like transition state encourages substituents at Sp3 carbons in the diene to 
occupy equatorial, rather than axial positions, 54 leading to the corresponding product with 
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(E)-double bonds after rearrangement. This accounts for the high levels of chirality 
transfer, which are usually observed in such [3,3]-sigmatropic rearrangement. 
Although most rearrangements proceed via the chair-like transition state, the boat 
conformation can exist but is not energetically favourable due to a destabilising orbital 
interaction between the C-I and C-l' (Figure 8), in the acyclic Cope rearrangement. 
However, the optical activity would be retained during the rearrangement since 
asymmetry is induced at new centres. 
1~ 1'~ 
Figure 8. The Boat Conformation 
Studies by Goldstein and Benzon56 using labelling experiments on the transition structure 
of unsubstituted 1,5-hexadiene during Cope rearrangement revealed that the chair-like 
structure was favoured over the competing boat-like alternative by II kcal/mol in acyclic 
systems. However, various ingenious polycyclic systems such as barbarlane,57 
semibullvalene58 and hypostrophene,59 are known to undergo Cope rearrangement via the 
boat-like transition state only, due to relief of ring strain,6o Scheme 36. These are 
fluxional molecules and undergo very rapid, degenerate Cope rearrangement. 
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Scheme 36. Cope Rearrangement of Barbaralane via Boat-like Transition State 
In 1988, Kato et al.61 demonstrated the boat confonnation as an alternative in the 
synthesis of 5-8-5 mernbered tricyclic insect sesterteIpenoids such as albolic acid and 
ceroplastol n. Here the lactol ring forces substrate 73 to rearrange via the boat 
confonnation to give product 74 as shown in Scheme 37. 
OSiMe;, 
R 
73 74 
MegSiO MegSi 
-OR R 
Scheme 37. Rearrangement Performed by Kato et al.61 
33 10.._____________________________ _ _ __ _ _ __ 
In contrast to the chair-like transition state favoured by acyclic Cope rearrangement, the 
stereochemistry in a cyclic Cope system is usually explained by boat conformation.33 
TantiJIo and Hoffman62 studied transition state energies of various hexadienes including 
fickle hexadiene. From their calculations they concluded that for the doubly tethered 
diene systems both the chair-like and boat-like conformations for Cope rearrangement 
exist with similar energy, unlike the 1,5 hexadiene system, which shows preference for 
the chair-like transition state during the Cope rearrangement. 
TantiJIo and Hoffman62 also demonstrated the acceleration effects of tethers by 
comparing the computed relative energies of reactants, products and transition structure 
of the system involving a 2-3 carbon tether to the parent Cope reaction. As shown in 
Scheme 38, the tethered system significantly reduced the rearrangement barrier by 6 
kcallmol for the chair-like rearrangement and by 15 kcallmol for the boat-like 
rearrangement. This rate acceleration, which is due to strain imparted to the reactants 
upon tethering, is greater than that of the transition structure.29 
·[~r-·~ 
Scheme 38. Unsaturated 3-Carbon Tethers 
Furthermore, Tantillo and Hoffman62 showed that the longer tethers prefer the Cope 
rearrangement pathway whilst the shorter tethers prefer a biradical pathway. 
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The chair transition state enables the transfer of chirality from a stereo genic centre in the 
substrate to a new centre in the product. This has been highlighted in the work done by 
Hill and Gilman.64 The authors provided a quantitative assessment of conformational 
preference in the Cope rearrangement through optical stereospecificity studies. This was 
achieved by showing transfer of chirality from the stereospecific centre in the substrate to 
a new asymmetric centre in the product through the Cope rearrangement of optically 
active (R)-(+)-trans-3-methyl-3-phenylhepta-I,5-diene 75. The rearrangement gave a 
mixture of cis 76a and trans-3-methyl-6-phenylhepta-I,5-diene 76b in the ratio of87:13, 
both products were optically active, but with opposite configuration at the new 
asymmetric centre as well as at the double bond, with optical purity of 91 % and 89% 
respectively, Scheme 39. The greater preference towards the 76a corresponds to a free-
energy difference of about 2 kcaIlmol between the transition states of the phenyl group 
lying equatorial or axial. Furthermore, the exclusive formation of (S)-(+)- and (R)-(+)-3-
methy-6-phenylhepta-I,5-diene confirms the preference for a chair conformation during 
the transition state, thereby allowing us to predict, with confidence, the favoured 
transition state conformation in the four-centred thermal rearrangement on the basis of 
cyclohexane conformation analysis. 
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Scheme 39. Exclusive Trausfer of Chirality Duriug the Cope Rearrangement 
Despite the benefits of the Cope rearrangement, few synthetic applications were seen 
following its discovery, this was probably because of the limitations involved, such as 
high temperature requirements and reversibility. 
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1.2.5.3. Variants of the Cope Rearrangement 
1.2.5.3.1. The Oxy-Cope Rearrangement 
Berson and Jones65 discovered the oxy-Cope rearrangement in 1964. In this 
rearrangement the 1,5-diene substrate has a hydroxy group substituted at the spJ carbon 
i.e. carbon C-3, which upon rearrangement results in an enol. The tautomerisation of the 
enol leads irreversibly to O,E unsaturated carbonyl compounds,66 which can be easily 
manipulated for synthetic purposes, Scheme 40. 
H0'C 
[3,31 
Scheme 40. The Oxy-Cope rearrangement 
A particular advantageous feature of this reaction is its adoption of highly ordered cyclic 
transition states such that the new stereo genic centres are formed stereospecifically and 
double bond geometry is introduced with high fidelity, 
In 1975, Evans and Golob,67 using kinetic measurements, reported acceleration in the rate 
of the oxy-Cope rearrangement by treating the starting alcohol with a base, Scheme 41. 
The reaction rate was enhanced in the order of 1010 to 1017 during the rearrangement of 
sodium or potassium alkoxides of the 1,5- diene substrate. 
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Scheme 41. The Anionic Oxy-Cope Rearrangement 
The explanation for the rate acceleration is primarily due to the formation of the 
potassium enolate, which is more stable than the potassium alkoxide starting material. 
Theoretical calculations by Evans and Baillargeon68 showed that the acceleration was due 
to a bond weakening effect of the anionic alkoxy group on the adjacent C(3) to C(4) cr-
bond. However, recent work by Bunnage and Nicolaou69 rationalised the rate 
enhancement due to stabilisation of the oxy anion in the transition state relative to the 
ground state, leading to a decrease in the free energy of activation and an increase in the 
rate of the reaction. Another explanation would be that as the negative charge becomes 
more localised on the oxy-substituent, the rearrangement proceeds faster.7o 
Further work by Evans and Nelson7! on diastereomeric 1,5-dienols carrying stereogenic 
centres at both the C(3) and C( 4) position showed that changing from OH to O' did not 
affect the stereochemical integrity during rearrangement and hence, followed a concerted 
[3,3] sigmatropic reaction mechanism. The anionic oxy-Cope rearrangement is believed 
to proceed via a six-membered transition state in solution,72 Scheme 42. 
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Scheme 42. Transition State in the Anionic- Oxy-Cope Rearrangement 
This advancement has lead the anionic oxy-Cope rearrangement to be carried out at lower 
temperatures7J and in turn making it tolerant to a variety of functional groups in the 
original reactant, minimising the competing thermal retro-ene side reaction, as well as 
rendering the reaction irreversible and not to forget the high stereo- and 
regioselectivity.72, 74 This makes the anionic oxy-Cope methodology very versatile in 
synthetic organic chemistry, especially for the synthesis of complex polycyclic 
structures/5 in relatively few steps. Scheme 43 shows an example of a bridgehead alkene 
synthesised by a potassium alkoxide-accelerated oxy-Cope rearrangement in which a four 
membered ring was expanded stereospecifically into an eight membered ring containing a 
trans double bond.2 
o 
KH [3.3] 
THF 
Scheme 43. Ring Expansion using the Anionic Oxy-Cope Rearrangement 
In addition, a further advantage of the oxy-Cope rearrangement is the relative ease with 
which the 1,5-diene-3-ol substrate is prepared, usually from addition of either vinyl 
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organometallic reagents or allylic reagents to ~,y- and a,~-unsaturated carbonyl 
compounds respectively, rendering the oxy-Cope rearrangement very popular in synthetic 
organic chemistry. 
In recent years, the stereochemistry of the anionic oxy-Cope rearrangement of acyclic 
systems has been under intense scrutiny?6 It has been shown that in the absence of steric 
effects, there is little selectivity between axial and equatorial oxy-anions in the chair-like 
transition state of the anionic oxy-Cope rearrangement, due to the absence of 1,3-diaxial 
steric interaction. Since the efficiency of chirality transfer, from substrate to product, 
depends entirely on the orientation ofthe oxy-anion, this leads to product with low levels 
of selectivity, Scheme 44.77 
R ~ KH.18-c-6 • , .. (' H \'\~ THF, 50°C, 3 hrs 
o 
77 78 
e.e. = 100% e.e. = 22% 
Scheme 44. Stereoselectivity in Anionic Oxy-Cope Rearrangement 
However, smooth transfer of chirality is known to occur when the oxy-anion at C-3 and a 
substituent at C-4 of the 1,5-hexadiene-3-oxide system are syn to each other, as both 
substituents would prefer to occupy a pseudo-equatorial orientation in the transition 
state.78,79 From this precedent, Hartley and Rutherford8o investigated the rearrangement 
of 3,4-syn alcohol 79 and expected to see the exclusive formation of Z-enol ether 81 via 
conformation 80 leading to cyC\ohexanone product 82 and 83, Scheme 45. It was 
assumed that the combination effect of the electrostatic repulsion between oxyanion and 
the enol ether oxygen with the steric effects would disfavour the alternative transition 
state 84, leading to the E-enol ether 85 and the subsequent cyclohexanone product 86 and 
87. To their surprise, the rearrangement proceeded to yield the unexpected product 
isomer 86 and 87, which might have occurred via the disfavoured transition state 84, 
Scheme 45. 
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Scheme 45_ Anionic Oxy-Cope Rearrangement of 3,4-syn alcohol 79 
To justify the outcome of the rearrangement, the authors80 proposed the involvement of 
chelation of the potassium cation with the oxy anion and the oxygen atom of the enol 
ether during the transition state of the anionic oxy-Cope rearrangement, Figure 9. 
Figure 9, Chelation in Anionic Oxy-Cope Rearrangement 
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Further work by the Hartley group included investigating the stereocontrol in the anionic 
oxy-Cope rearrangement of 1,5-dien-3-0Is with an alkylthio substituent at C_5. 81 Unlike 
the earlier report80 there was no evidence that the sulphur atom of vinyl sulphide diene 88 
promoted rearrangement via transition state 91 by co-ordinating the potassium counterion 
and pre-ordering the substrate for rearrangement to provide product 92, Scheme 46. 
Interestingly, quite the opposite was true, it seemed that steric or electrostatic repulsion 
between the C-5 alkylthio group and the pseudo-axial oxyanion in transition state 91 was 
disfavoured and hence the rearrangement occurred predominately via the chair-like 
transition state 89 with both the oxyanion and the methyl group sitting pseudo-
equatorially, giving rise to product 90. Hartlel1 demonstrated for the first time that the 
5-alkylthio group assists stereocontrol in the anionic oxy-Cope rearrangement of acyclic 
substrates. 
'''J~r~' SHex H KH,18-c-6 J-#63 THF, r.t., 3 hrs -......c • or Ph ~ SHex Ph H CB 
Ph 89 91 
88 1 E,5Z-3,4-syn 
Reductive 1 Reductive 1 
quench quench 
":rio' Hex~ " .. , OH 
" 
Ph Ph 
(Z-3.4-syn) (E-3,4-syn) 
90 92 
Scheme 46. Anionic Oxy-Cope Rearrangement of 1,5-Dien-3-o1s with an Alkylthio 
Substituent at C-5 
The oxy-Cope rearrangement has emerged as a powerful tool in the construction of many 
highly complex and densely functionalised targets including the total synthesis of natural 
products. Early reports on total synthesis include the preparation of acoragermacrone82 
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and (-)-periplanone B.83 More recent advances in the synthetic application of the oxy-
Cope rearrangement include the preparation of enantiomerically enriched hydrazulenoid 
skeleton. Rajagopalan84 prepared the target ring system 94 via the thermal oxy-Cope 
rearrangement of ethynyl alcohol substrate 93, followed by in situ transannular ene-type 
reaction, Scheme 47. 
~E 
~ 
/"'---. 
93 
1) t:. o-DCB, 20 hrs 
[3,31-sigmatropic shift 
• 
2) Transannular ene 
reaction 
94 
Scheme 47. Hydrazulenoid Skeleton via the Oxy-Cope rearrangement 
Snapper85 recently reported a ring-opening metathesis/Cope rearrangement strategy for 
the rapid construction of bicyclo[5.3.0]undecadienes, which included concise 
stereocontrolled synthesis of asteriscanoJide. The author further extended the strategy to 
provide a general ring-opening metathesis/oxy-Cope protocol, allowing for the 
preparation of a range of polycyclic, medium ring-containing compounds.86 This was 
attained by first preparing the 1,5-diene through a Lewis acid-mediated [2+2] 
cycloaddition between allylic silyl enol ethers 95 and ethyl propiolate 96, followed by 
reduction and alkylation. Treatment of the corresponding cyclobutene 97 with either 
Grubb's second generation olefin metathesis catalyst or Hoveyda-Grubbs catalyst 
provided the desired cis-l ,S-dienes 98, Scheme 48. 
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1) ZrCI4 
2) DiBAL-H 
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3)~Br 
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OTBS 
c.t=D~ 
H 
97 
1 
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Hoveyda-Grubbs catalyst 
~ ~ n , 
H 
98 
Scheme 48. Preparation of 1,S-Diene 
The dienes underwent direct [3,3]-sigmatropic rearrangement under anionic oxy-Cope 
conditions after the removal of the silyl-protecting group to give the desired ring-
expanded products, Table 1. The larger 10 and 11 member ring products (entry 2 and 3) 
possessed the trans-olefin stereochemistry, whereas the 6-9 ring system (entry 4 and 5) 
was generated as the eis-olefin isomer and the 5-9 system (entry 1 and 6) was formed as a 
mixture of isomers with the major product favouring the eis-stereochemistry. 
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Entry" Metathesis Cope Product Cis:Trans Ratio Yield (%) 
Product 
I 0 2.1: I 80 
cC C:CO ,~ 
H 
2" 0 0:1 82 ~ cj:)o ,~ 
H 
3c 0 0:1 82 
cC ~o ,~ 
H 
4" d9 0 1:0 64 tb ,~ H 
5 d9 0 1:0 59 ib ,~ H 
6 cC' 0 3.2:1 72 HO C:CNT' :: ::::-... ,~ 
H 
.. .. 0 
" 
0 , 0 ReactIOn conditIons. KHMDS, 18-crown-6, -40 C, aCid quench, 0 C, MeOH quench, -15 C, MeOH 
quench, d MEOH quench. 
Table 1. Preparation of Polycyclic Systems via the Anionic-Oxy-Cope 
Rearrangement112 
Snapper86 justified the results by contemplating that the Cope product containing the cis-
olefin might have occurred due to rearrangement proceeding through a boat-like 
transition state with an equatorial alkoxide. On the other hand, trans-olefin selectivity 
observed for the larger rings occurred from rearrangement via a chair-like confonnation 
with an equatorially positioned oxyanion. 
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Recent work has shown that the reaction rate and the pathway chosen in the anionic oxy-
Cope rearrangement i.e. concerted or fragmentation, is dependent on the choice and 
position of the substituents,87, 88 Scheme 49. 
'oC x=o • 
~ 
XCH3 
+ other products 
Scheme 49. The Alternative Pathway 
Houk and Paquette87.90 carried out theoretical studies to examine the effects of 
substituents on the rate and mechanism of the anionic oxy-Cope rearrangement. The 
studies revealed that a thiomethyl substituent residing at either C-4 or C-6 on the 3-oxido-
1,5-hexadiene substrate accelerates rearrangement and promotes a dissociative rather than 
a concerted rearrangement to the Cope product. The authors reasoned that this was due to 
the stabilising effect provided by the divalent sulphur, a factor that adopts homolytic 
cleavage reaction channel. In contrast, a methoxy substituent at either of the same critical 
sites decelerates the reaction rate but favours a concerted sigmatropic rearrangement. 
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1.2.5.3.2. The Amino-Cope Rearrangement 
The amino-Cope rearrangement is analogous to the oxy-Cope rearrangement65 with a 
nitrogen atom in place of the oxygen atom substituent at C-3, Scheme 50 . 
• 
112 
Scheme 50. Amino-Cope Rearrangement 
Amino-Cope rearrangement of 3-amino-I,5-diene 99 leads to enamine 100, which 
tautomerises to imines or iminium ions 111, depending on the substitution of the starting 
amine, making the product thermodynamically more favourable. Hydrolysis of the 
intermediate gives carbonyl compounds 112, which are similar to that achieved by the 
oxy-Cope rearrangement and can be used for further synthetic chemistry. 
The amino-Cope rearrangement can take place on both secondary and tertiary amine 
substrates. Although, the reaction can proceed thermally for both substrates, it can also 
proceed anionically for the secondary amine substrate. 
McDonald and co-workers91 were first to report the extremely facile charge accelerated 
amino-Cope rearrangement displaying similar properties to the previously mentioned 
anionic oxy-Cope variant but at considerably lower reaction temperatures. Amines 113 
and 114 were prepared from the corresponding alcohol via tosylation, and rearrangement 
was effected by deprotonation with n-BuLi at -40 QC to give aldehyde 115 after acidic 
workup, Scheme 51. 
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RHN~ 
PhS~ 
113 R = i-Pr 
114R= Bn 
n-BuLi 
-40 Cc 
[3,3] o~ 
PhS~ 
115 
Scheme SI. Charged-Accelerated Amino-Cope Rearrangement 
In addition to the oxy-Cope and the anionic oxy-Cope rearrangement, the amino-Cope 
rearrangement is also believed to follow a [3,3] sigmatropic rearrangement 
In 1980, Ollis92 studied the effects of substituents on the rate of reaction in the Cope 
rearrangement of dimethylaminohexa-I,5-dienes 116(a-c), Scheme 52. The 
rearrangement was carried out by heating the 1,5-diene samples in sealed ampoules under 
inert atmosphere at varying temperature and duration, the results were followed by NMR 
analysis. 
1 
X,(jR1 ~~R [3,3] R3 R2 
R3 ~ 2~ R 
116 117 
Entry Compound X RI R2 R3 TrC L'.G/kcal mor l 
1 116a Me2N Ph Ph H 100 27.4 
2 116b Me2N Ph Me Me 100 29.7 
3 116c Me2N Ph H H 170 35.1 
3 116d MeO Ph Me Me 196 37.2 
5 116e EtS Ph Ph H 170 33.0 
Scheme 52. Thermal Amino-Cope Rearrangements 
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The thennal rearrangement of 116a showed good first order kinetics at 100°C and the 
product was fonned with trans stereochemistry. The highly substituted diene 116b also 
rearranged at 100°C to give the trans-enamine 117b.' However, the less substituted diene 
116c required a much higher temperature (170°C) before a reasonably rapid Cope 
rearrangement was observed to give the trans-enamine 117c. Ollis92 proposed that the 
stereochemical integrity was either as a consequence of concerted rearrangement of diene, 
which was present as a single diastereoisomer or as a result of thennal equilibration 
between the diastereomeric enamines. 
These studies showed that the 3-dimethylamino substituted diene showed greater 
acceleration on the rate of the [3,3] sigmatropic rearrangement i.e entry 3, diene 116c 
underwent Cope rearrangement with ~G = 35.1 kcal mOrI, in comparison to the parent 
hexa-I,5-diene which underwent rearrangement with ~G = 39.6 kcal mOrl. Rate 
acceleration was also observed with 4-phenyl substituent 116a (entry I) and 4,4-dimethyl 
substituent 116b (entry 2). These acceleration effects are thought to result from the 
electron donating properties of the substituent at C-4, although steric interactions cannot 
be ruled out. Doering45 and Dewar47 have also previously reported the acceleration 
effects of 4-aryl substitution in Cope rearrangements. OIJis92 also studied other 3-hetero-
substituted 1,5-hexadienes (entry 4 and 5) and concluded that the 3-dimethylamino 
substituents are more effective than either 3-alkoxy or 3-alkylthio substituents in lowering 
the energy of the transition state for the Cope rearrangement. This could be due to the 
more effective electron donating properties of 3-dimethylamino substituents. 
FinaIJy, OIJis92 showed that the rate of the thennal amino-Cope rearrangement was 
greatly influenced by certain electron donating groups substituted at either position 3 
and/or 4 on the 1,5-hexadiene substrates. 
Kinnse48 investigated the effect of single heteroatom substituents on the activation 
parameter of the [3,3]-sigmatropic rearrangement. A series of het er oat om substituted 1,5-
hexadienes were prepared including N,N-dimethyl-I,5-hexadiene-3-amine 119. The 
amine substrate 119 was prepared via Steven's Rearrangement of diallyl-
dimethylammonium bromide, Scheme 53. 
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n-BuLi 
118 
Scheme 53. Steven's Rearrangement 
Thermolysis of substrate 119 generated the desired enamine 200 after the amino-Cope 
rearrangement, Scheme 54. The stereochemistry of the enamine was shown to be 
exclusively trans by NMR methods and the rearrangement was found to be irreversible. 
Traces of aldehyde 201 were observed following enamine hydrolysis despite careful 
exclusion of water during the reaction. The activation energy was found to be lower than 
that of the parent unsubstituted 1,5-hexadiene by 1.4 kcalfmol. Although, when Kirmse48 
studied the effect of substituent stabilisation on the product, it was observed that a 
considerable stabilisation effect of the product had only a moderate effect on the 
activation energy of the Cope rearrangement, with the greatest effect observed with the 3-
dimethylamino substituent. 
yHa CHa I 
HaC"N"C HaC'..-N0 °0 I!. _(~a5?).. ::::,.. 
199 200 201 
Scheme 54. Amino-Cope Rearrangement by Kirmse50 
In conclusion, Kirmse48 reported that the variation of substituents, alkoxy-, alkylthio- and 
dialkylamino- in the C-3 position of 1,5-hexadiene and C-2 position of3,3-dimethyl-l,5-
hexadiene had minor effects on the rate of the Cope rearrangement, but major effects on 
the equilibrium constant. This substituent effect was more consistent with the diradical 
mechanism B than the concerted sigmatropic rearrangement A, Figure 10. 
50 
c 
~ 
/0' 
A 
B 
Figure 10. 
In 1995, Hagen93 used Hine's D values94 to predict the position of the equilibrium in the 
Cope rearrangement of multiply substituted 1,5-dienes. Hine's D value is the double 
bond stabilising ability which permits prediction of free energy changes of allylic 
isomerisation. Hagen93 studied the Cope rearrangement of heterosubstituted 1,5-dienes 
including oxygen, amino, carbamoyl and thioalkyl variants, Scheme 55. Cope 
rearrangement was carried out on substrates 202(a-i) in the gas phase and the extent of 
the reaction was estimated from the ratio of substrate 202 to product 203 in the resulting 
NMR spectra. 
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a) X=OCH3.Y=H,R=H 
b) X = OCH3. Y = CH3, R = H 
c) X=OCH3.Y=CH3,R=CH3 
d) X =N(CH3h.Y= H, R = H 
e) X=N(CH3h.Y=CH3,R=H 
I) X = N(CH3h. Y = OCH3, R = H 
g) X = N(CH3)(C02 Et), Y = H, R = H 
h) X=N(CH3)(C02Et), Y=CH3,R=H 
i) X = N(CH3)(C02 Et), Y = OCH3, R = H 
Scheme 55. The Cope Rearrangement 
Hagen93 found that the calculated Hine's D values were directly comparable with the Keq 
values and concluded that the reduction of the It-donating character of the nitrogen 
(dimethylamino versus carbamoyl) alters the directing ability of the nitrogen substituent, 
so that the aggregate order for the reaction rate was 
1.2.5.3.2.1. The Amino-Cope Rearrangement versus the Oxy-Cope Rearrangement 
The asymmetric amino-Cope rearrangement has significant advantages over the 
analogous oxy-Cope rearrangement in terms of asymmetric induction. The oxy-anion 
substituent in the anionic oxy-Cope rearrangement is reported to have a little 
axial/equatorial preference in the proposed chair-like transition state and thus delivers 
product aldehyde 205 with only a moderate level of enantiomeric excess of 30%, Scheme 
56.77 Conversely, one would expect the amine auxiliary to be more likely to hold an 
equatorial position during rearrangement due to its increased bulk and hence, lead to the 
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same aldehyde product 205 with a much enhanced enantiomeric excess of 75%, as 
demonstrated by Allin,95 Scheme 57. 
204 
i) KH. 18-c-6 
THF.~ 
ii) H30· 
o'~:::=r\Ph 
205 
e.e. = 30% 
Scheme 56. The Oxy-Cope Rearrangement as Reported by Lee77 
~ 
PhyN~Ph 
Me ~ 
206 
i) n-BuLi 
THF.~ 
ii) H30· 
205 
e.e. = 75% 
Scheme 57. The Amino-Cope Rearrangement as Developed by Allin95 
In 1993, Macdonald and co-workers91 examined the thermal and charge accelerated 
amino-Cope rearrangement of 3-amino-l,5-dienes and compared that to the 
corresponding 3-hydroxy-l,5-diene. A series of acyclic and bicyclic amino-dienes were 
prepared. Under thermodynamic conditions (150 QC) the acyclic diene 207 rearranged to 
give product 208, which upon hydrolysis afforded aldehyde 210 in 48% yield, Scheme 
58. In contrast, charge accelerated (anionic) rearrangements, proved to be much more 
facile, with amine 207 rearranging at -40 QC and giving the corresponding aldehyde 210 
in 40% yield. It is also noteworthy that the anionic amino-Cope rearrangement took place 
at a temperature of 65 QC lower than that required for the anionic oxy-Cope 
rearrangement on the potassium alkoxide of the corresponding alcohol. 
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H 
i_pr/N~ 
PhS 
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-40 DC 
/N~ 
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GuG) 
N~ i-Pr/ ~
PhS 
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Scheme 58. Thermal and Anionic Amino-Cope Rearrangement on Acyclic Amines 
Thermal amino-Cope rearrangement of bicyclic substrates 211 and 213 proved to be more 
facile than the corresponding oxy-Cope system. However, treatment of 211 and 213 
under charge accelerated conditions (n-BuLi, <25 DC) did not give the desired 
rearrangement product. However, the potassium amides of 211 and 213 led to the 
rearranged products 212 and 214 in 73% and 71 % yield, respectively, Scheme 59, Table 
2. The rearrangement temperature was lower in comparison with those of the 
corresponding potassium alkoxide oxy-Cope system (140 DC and 75 DC, respectively). 
Furthermore, the anionic amino-Cope rearrangement of potassium ami des of 211 and 213 
proceeded at temperatures of 280 DC and 220 DC lower than the corresponding neutral 
amines. This temperature difference is significantly greater than that between the 
corresponding thermal oxy-Cope and anionic oxy-Cope rearrangement (230 DC and 170 
DC, respectively). 
1) Thermal or Anionic 
, 
NH 2) H30 + 
'--Ph 
211 R = H 
213 R=OMe 
212 R = H 
214 R = OMe 
~+ MeO ~ Me 
215 
PhCHO 
Scheme 59. Thermal and Anionic Amino-Cope Rearrangement of Bicyclic Amines 
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Compound Conditions Yield (%) Product 
211 octane, 230 QC, 2 hrs 40 212 
213 decane, 160 QC, 1 hr 50 214 
211 n-BuLi, THF, 25 QC - no reaction 
213 n-BuLi, THF, 0 QC 76 215 
211 t-BuOK, n-BuLi, 73 212 
THF, -50 QC, 2 hrs 
213 t-BuOK, n-BuLi, 7I 214 
THF, -60 QC, 1 hr 
Table 2. Thermal and Anionic Amino-Cope Rearrangement of Bicyclic Amines 
Macdonald and co-workers91 concluded that the charge accelerated [3,3]-sigmatropic 
rearrangement of 3-amino-l ,5-dienes were considerably more facile than those of the 
corresponding 3-hydroxy-l,5-dienes (oxy-Cope rearrangement). This was thought to be 
due to the increase in nitrogen anion basicity compared with that of the alkoxide, and 
therefore leading to greater acceleration in the reaction rate. 
1.2.5.3.2.2. The Synthetic Potential ofthe Amino-Cope Rearrangement 
To date, little information is available on the synthetic application of the amino-Cope 
rearrangement, since most of the work done has concentrated mainly on the effect of 
substituents on reaction rate.96 However, appreciating that the [3,3] sigmatropic 
rearrangement proceeds through highly ordered transition state geometries, allows the 
prediction and control of both the relative and absolute stereochemistry in the desired 
product.97 The Allin group believes that the amino-Cope rearrangement of suitably 
functionalised 3-amino-l,5-diene substrates could potentially constitute a powerful tool 
for the stereoselective synthesis of a highly functionalised product system in a cascade-
like sequence. 
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Scheme 60. Synthetic Potential of the Amino-Cope Rearrangement 
As outlined in Scheme 60, a successful sigmatropic rearrangement of a 3-amino-l,5-
diene substrate 216 would lead to the formation of an enamine product 217. Substitution 
at the 1- or 6-position of the diene moiety in 216 would allow, during step 1, the creation 
of new asymmetric centres in product 217. High stereoselectivities are known to be 
induced at chiral centres created in related [3,3)-sigmatropic rearrangements.98 If this 
synthetic step is further associated with typical enamine derivatisation, as in step 2, up to 
three new asymmetric centres could be introduced in aldehyde product 218 in a one-pot 
reaction. An asymmetric centre within the amine component could essentially act as a 
chiral multiplier: producing (and controJling) the stereochemical induction at the three 
newly created asymmetric centres. This would represent a significant addition to 
asymmetric chemistry. 
1.2.5.3.2.3. Development of the Amino-Cope Rearrangement 
The Allin research group has initiated a programme aimed at developing the amino-Cope 
rearrangement as a novel synthetic cascade. One goal is to apply the recently discovered 
amino-Cope rearrangement to synthesise highly functionalised enantiomerically rich 
heterocycles of biological significance (tetrahydropyran, lactones and piperidines) and 
natural products such as (( +)-faranal99 and (-)-antirhine). 78 
The first tandem amino-Cope rearrangementlenamine derivatisation procedure was 
developed by Allin and Button, lOO Scheme 61. A series of electrophiles were used in this 
one-pot reaction and yields ranged between 50 to 70%, Table 3. 
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nBu nBu I I 0 
/N'C ~ fBu"N'0 
i) E+ H~ fBu :: • [3,31 ii) H30+ 
R 
219 220 221 
Scheme 61. Tandem Amino-Cope RearrangementiEnamine Derivatisation 
Electrophile R Product Yield (%) 
Allyl bromide CH2CH=CH2 22la 45 
Methyl bromide CH3 221b 63 
Ethyl bromide CH2CH3 221c 30 
Triethyloxonium CH2CH3 221d 58 
tetrafluroborate 
Benzyl bromide CH2Ph 221e 69 
Methyl bromo acetate CH2C02Me 22lf 57 
Methyl methacrylate (CH2)zCOzEt 221g 57 
Acrylonitrile (CH2)2CN 221h 55 
Crotyl bromide CH2CH=CHCH3 22li 66 
Table 3. Tandem Amino-Cope Rearrangement/Enamine Derivatisation 
The above success was followed by the report on the first example of asymmetric 
induction in an anionic amino-Cope rearrangement. 95 This was achieved by using 
diastereomerically pure, non-racemic substrate 224a and 224b, which was prepared by 
addition of allyl magnesium bromide to the corresponding imine 223 derived from trans-
cinnamaldehyde 222 and (R)-a-methylbenzylamine as highlighted in Scheme 62. This 
yielded diastereoisomer 224a and 224b, which were separated by column 
chromatography. 
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O~Ph 
222 
PhyN~Ph 
Me 223 
i) allyl-MgBr 1 
Et20 
ii) H30· 
H H 
Ph'YN~Ph 
Me ~ 
+ Ph'IN~Ph 
Me V 
224b 224a 
Scheme 62. Synthesis of Secondary Amine 
On employing n-butyllithium as a base, each of the diastereoisomers underwent anionic 
amino-Cope rearrangement as expected, giving the intermediate lithiated enamine, which 
was directly hydrolysed to yield enantiomerically enriched p-substituted aldehyde 225 
with an enantiomeric excess ranging from 41 % to 75%, Table 4. 
H 
I 
R_N~Ph n-BuLi 
V THF,-78~C 
224a (RS) Ph(Me)CH 
224b (RR) Ph(Me)CH 
Substrate 
224a 
224b 
. 
Yield (%) 
66 
73 
o Ph 
H~ 
225 
e.e. (%) Major enantiomer 
75 R 
41 S 
Table 4. Asymmetric Anionic Amino-Cope Rearrangement95 
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The absolute stereochemistry of the products has been rationalised with simple transition 
state models. The major enantiomer resulted from the chair-like conformation of the 
substrate with the amine component occupying the pseudo-equatorial orientation and the 
minor enantiomer resulted from the amine component occupying the pseudo-axial 
orientation, Scheme 63.98• 100 The AIIin research group believed that by increasing the 
steric bulk of the chiral auxiliary,101. 102 would lead to an increased preference for the 
amine substituent to sit equatoriaIIy in the proposed chair-like transition state (due to the 
unfavourable 1,3-diaxial interactions with the axial amine substituent). Hence, this in 
turn would lead to enhanced level of enantioselectivity in the asymmetric amino-Cope 
rearrangement. 
Li 
1 R-N 
~ p/i'i~ 
(i) [3.31 
• 
(i) [3.3J 
o~ .. "Ph (RI 
::::,-." 
O~Ph (5) 
~ 
Scheme 63. Competing Transition State Conformations for the Amino-Cope 
Rearrangement 
The diastereoselectivity obtained during synthesis of chiral amino-diene substrates is of 
considerable importance since each diastereoisomer is known to lead to the opposite 
enantiomer of the rearranged product upon amino-Cope rearrangement, Scheme 64. 
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226a 
H 
RyN~:S.) '-':::: Ph 
n-BuLi 
• 
THF, -78 QC 
n-BuLi 
• 
Me ~ THF, -78°C 
226b 
Li 
I 
dfZRI N-R - I -,-H Ph 
(i) [3,3] 
, 
(ii) H30· 
(i) [3,3] 
O~Ph (5) 
::::-... 
225a 
O~ .. "Ph (R) 
::::-... 
225b 
Scheme 64. Asymmetric Induction in the Anionic Amino-Cope Rearrangement 
The stereochemistry at the C-3 position of the diene substrate is the controlling factor in 
determining the stereochemistry of the amino-Cope rearranged product, e.g. substrate 
(R,S) has (S) chiralityat C-3 and leads to the (R)-aldehyde.95 
To study the effect of the relative size of the amine substituent on product enantiomeric 
excess, a number of aminoalcohol dienes were used. The dienes were prepared from 
Grignard addition to imines derived from non-racemic ~-amino-alcohols as they are 
known to be highly diastereoselective,101-103 Scheme 65, Table 5. 
OH OH OH ~NH2 Ph~O yN~Ph allyl-MgBr ~~~Ph 
, 
R Et20 R Et20, heat R ~ 
227(a-1) 228(0-1) 229(a-1) 
Scheme 65. ~-Aminoalcohol Substituted Diene 
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Substrate R Amine 229 Yield (%) d.e. (%)' 
228a (S) i-Pr 78 97 
228b (R) i-Pr 66 97 
228c (S) t-Bu 77 94 
228d (S) i-Bu 60 92 
228e (S) Ph 83 96 
228f (S) PhCH2 71 82 
, determmed by 250 MHz H NMR spectroscopy 
Table 5. p-AminoaIcohol Substituted Dienes 
Anionic amino-Cope rearrangement of amino alcohol dienes 229(a-f) resulted in 
oxazolidine 230 from the ring closure of the hydroxy group onto the intermediate 
enamine/imine. Purification of the crude product on silica gel hydrolysed the heterocycIe 
yielding aldehyde 225 in moderate to good yield, Scheme 66, Table 6. 
OH 
rH~_s __ ,) ::::,... Ph n-BuLi • Ph ~ THF. -78 DC 
229 
o Ph 
H~ 
225 230 
e.e. = 94% 
Scheme 66. Anionic Amino-Cope Rearrangement of p-Aminoalcohol Substituted 
Dienes 
61 
- - - - -- - - - - - ------------------------
Substrate R Aldehyde 225 Yield (%) e.e. (%) 
229a (S) i-Pr 60 84 
229b (R) i-Pr 54 84 
229c (S) (-Bu 53 88 
229d (S) i-Bu 57 71 
22ge (S) Ph 61 83 
229f (S)PhCH2 65 94 
Table 6. Anionic Amino-Cope Rearrangement of ~-Aminoalcohol Substituted Dienes 
In general, the enantiomeric excess was good ranging from 71 % to 94%, with the highest 
resulting from the use of phenylalaninol as an auxiliary 229f. These results suggest that 
greater stereos electivity is displayed with bulkier substituents in the ~-position. 
In addition, rearrangement of norephedrine derived substrates gave disappointing low 
level of enantiomeric excess (38%), despite containing bulky phenyl groups in the CJ.-
position. Hence, demonstrating that ~-substitution is very important in effecting the 
asymmetry of the rearrangement,104 Scheme 67. 
OH 
~~~Ph 
U ~e ~ 
231 
1) n-BuLi 
o Ph 
H~ 
225 
Scheme 67. Rearrangement of Norephedrine-Derived Substrates 
However, when cinnamaldehyde derived dienes were substituted for 3-(2-furyl)-acrolein, 
the stereoselectivity observed in the anionic amino-Cope rearrangement product 233 was 
only 36%.\0\ This result indicates that the chiral auxiliary is not the only factor to 
consider when assessing the stereoselectivity of the anionic amino-Cope rearrangement of 
such substrates, Scheme 68. 
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1) n-Buli o() o -H~ 
232 233 
Scheme 68. Rearrangement of 3-(2-Furyl)-acrolein Substrate 
1.2.5.3.2.4. Synthetic Applications of the Amino-Cope Rearrangement 
There have not been many reports on the synthetic applications of the amino-Cope 
rearrangement. The first synthetic application of the thermal amino-Cope rearrangement 
in tandem with the Diels-Alder reaction was reported by Wender105 in 1979 for the 
synthesis of cis-hydroisoquinoline 235. Pyrolysis of ester 234 at 246°C for 5 hours 
yielded the expected cis-hydroisoquinoline 235 in 79% yield, Scheme 69. 
234 235 
Scheme 69. Synthesis of Cis-hydroisoquinoline via Thermal Amino-Cope 
Rearrangement 
In contrast, under the same conditions ester 236, the isomer of ester 234 did not undergo 
rearrangement and was recovered in high yield, Scheme 70. The data suggested that the 
rearrangement of ester 234 proceeded via the [3,3]-sigmatropic shift involving a boat 
transition state. However, a similar low energy pathway for the rearrangement of ester 
236 would be geometricaJly impossible and hence was recovered unchanged. 
63 
X· No reaction 
Scheme 70. Unsuccessful Rearrangement 
With the success in the preparation of cis-hydroisoquinoline using the thermal amino-
Cope rearrangement, Wender lO5 further extended the study for the preparation of C-6 
substituted hydroisoquinoline derivative 238, which serves as a potential precursor to 
various pentacyciic indole alkaloids, Scheme 71. 
237 
OMe 
236 
Scheme 71. Synthesis of Hydrisoquinoline Derivatives 
Recently, AllinlO6 reported the first synthetic application of the asymmetric amomc 
amino-Cope rearrangement. The anionic amino-Cope rearrangement was used as a key 
step in the synthesis of various functionalised 2,4-disubstituted tetrahydropyrans in high 
enantiomeric excess from readily available precursors. 
For the preparation of the enantiomerically enriched tetrahydropyrans, the 
diastereomerically pure substrate 229f underwent anionic amino-Cope rearrangement on 
treatment with n-butyllithium at -78 QC, giving the product as oxazolidine 230, which was 
affected by column chromatography to give the corresponding aldehyde 225 with an 
enantiomeric excess of 94%. The aldehyde was reduced to the corresponding alcohol 
239, followed by either electrophilic induced cyclisation to give the corresponding 
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tetrahydropyrans 242 and 243 or through epoxidation of the double bond followed by 
treatment with catalytic CSA to yield tetrahydropyran 241. Further analysis by chiral 
HPLC confirmed no apparent loss of stereochemical integrity, Scheme 72. 
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Scheme 72. Enantiomerically Enriched Tetrahydropyrans via the Anionic Amino-
Cope Rearrangement 
These enantiomerically enriched tetrahydropyran targets are themselves potentially useful 
chiral building blocks for biologically significant compounds. For example, pseudomonic 
acid CCI) Figure 11, displays antibacterial activity against a range of Gram positive 
bacteria including multi-resistant Staphylococcus aureus strains. 107 This molecule 
contains a tetrasubstituted pyran nucleus. 
65 
Figure 11. Pseudomouic Acid C(l) 
The Allin research group has already begun to expand the studies to synthesise highly 
enantiomerically enriched lactones and piperidines. This will be described in detail in 
Chapter 2 of this thesis. 
1.2.5.3.2.5. Mechauisms of the Amino-Cope Rearrangement 
The mechanism of the amino-Cope rearrangement is not fully understood. It has been 
under debate as to whether it involves a concerted [3,3J sigmatropic rearrangement or a 
competing stepwise mechanism, Scheme 73. 
[concerted Mechanism) 
[ Slepwise MeChanism) 1 n-BuLi 
1 
n-BuLi 
• 
H O· 3 • 
Scheme 73. Concerted or Stepwise Mechanisms 
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There have been numerous reports suggesting that the amino-Cope rearrangement follows 
a cleavage/recombination pathway. 108 Haffuer lO9 postulated that due to the basicity of the 
amino heteroatom, the reactant would have high proton affinity, leading to an unstable 
ion, which in turn would be prone to cleavage. In contrast, Allinl02 reported examples of 
highly stereoselective, anionic amino-Cope rearrangement that would suggest that a 
concerted mechanism is operating. We will examine the mechanism of the amino-Cope 
rearrangement in more detail in Chapter 3 ofthis thesis. 
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Chapter 2 
Results and Discussion 
Synthetic Applications of the Asymmetric 
Anionic Amino-Cope Rearrangement 
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2.1. Introduction 
Highly functionalised, non-racemic, heterocycles are important components of a wide 
range of biologically active natural products and drug molecules. The Allin research 
group has initiated a programme aimed at developing the amino-Cope rearrangement as a 
synthetic protocol and has successfully demonstrated the synthesis of 8,s-unsaturated 
aldehydes with high enantiomeric excess via the anionic amino-Cope rearrangement. 102 
Recently, GreevesJlO, 111 highlighted the importance of acyclic stereocontrol of [2,3] 
Wittiglanionic oxy-Cope rearrangement in synthetic chemistry by preparing 
tetrahydropyrans and 8-lactones from the resulting 8,s-unsaturated aldehyde 245. They 
highlighted that the ratio of diastereoisomers produced by the tandem rearrangement was 
maintained in the corresponding products (tetrahydropyrans and lactones). As shown in 
Scheme 74, the 8,s-unsaturated aldehyde 245 was prepared by treatment of cinnamyl 
allylic ether 244 with potassium hydride and l8-crown-6 in tetrahydrofuran followed by 
[2,3] Wittiglanionic oxy-Cope rearrangement.79,1I2 
~R 
0\ KH, 18-c-6, 
• 
~ THF, Lt., 1 hr. 
Ph 
244 
~R 
Ph~O 
245 
• 
~R 
[2,31-Wittig 
• 
Ph AOC 
H20 
Scheme 74. [2,3] Wittig/Anionic Oxy-Cope Rearrangement 
The disubstituted tetrahydropyrans were prepared by reducing 8,s-unsaturated aldehyde 
24S(a-e) to the corresponding unsaturated alcohol 246(a-e) using sodium borohydride in 
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methanol, followed by electrophile-induced cyclisation, Scheme 75. No change in the 
geometric ratio of the alkene was observed during the reduction of the aldehyde to the 
unsaturated alcohol. 
R~ 
o 
245(a-e) 
j NaBK.. MeOH, o °c, 30 min. 
Ph 
P 
~ ~ r ~ 
E+ 
• (l R +Qy' R+ Ch', R+~ R t.....o~ 0 0" ~O~ 
H~ H H H~ 
R E E E E 
246(a·e) 247(a.e) 248(a·e) 
a) R=Me 
b) R=n-BuLi 
c) R = i-Pr 
d) R = t-Bu 
e) R =n-Pr 
Method A: I, (3 eq.), NaHCO, (3 eq.), MeCN, -23 'c - r.t., 24 hrs. 
Method B : NIS (1.2 eq.), DCM, -78 'c - r.t. 
Method C: ICI (2 eq.), NEt, (2 eq.), DCM, -78 'C· r.t. 
Method D : TBSCO (1.2 eq.), DCM, dark, r.t., I week. 
249(a·e) 
Method E: Phenylthiomorpholine (1.1 eq.), TfDH (1.1 eq.), DCM, 0 'c, 2 hrs. 
Method F: NPSP (1.7 eq.), PPTS (0.3 eq.), DCM, -78 'c - r.t., 9 hrs. 
250(a·e) 
Scheme 75. Electrophile-Induced Cyclisation of Unsaturated Alcoholsllo 
The conditions used for the electrophilic induced cyclisation of unsaturated alcohols 
246(a-e) to the corresponding disubstituted tetrahydropyrans are demonstrated in Table 
7. 
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Entry Substrate R Method E+ E:Z' Yield Product ratio" 
(%) 247 248 249 250 
1 246a Me A t 75: 25 65 77 23 - -
2 246a Me B r+ 75: 25 39 77 23 - -
3 246a Me C t 75: 25 26 77 23 
-
-
4 246b n-Bu A 1+ 79: 21 78 87 13 - -
5 246b n-Bu D Br~ 79: 21 56 79 21 
- -
6 246c i-Pr A t 100: 0 80 74' - 26' -
7 246d t-Bu A t 100: 0 62 100 - - -
8 246e n-Pr E PhS+ 84: 16 57 28" 6" 59" 7" 
9 246e n-Pr F PhSe+ 84: 16 86 28" 9" 57° 6° 
10 246d t-Bu F PhSe+ 100: 0 97 57' 
-
43' -
, . , . , E.Z ratio measured by GC, ratIO measured by GC, ratio measured by mass from flash column 
chromatography isolation; d ratio measured by mass between diastereoisomer pair 247, 248 and 249, 250 and 
then GC analysis of each pair 
Table 7. Electrophile-Induced Cyclisation of Unsaturated AlcoholsllO 
Cyc1isation of the unsaturated alcohol using iodonium ion as an electrophile gave the 
corresponding diastereoisomeric tetrahydropyran as two diastereoisomers in ratio relating 
to the starting product, Table 7 (entries 1-4). To confirm the stereochemical relationship 
between the tetrahydropyran diastereoisomers, the electrophile was reductively removed 
using tributyltin hydride and catalytic amount of AIBN to produce a single 
diastereoisomer of disubstituted tetrahydropyran 251 or 252 stereoconvergently, Scheme 
76. This demonstrated that the only difference between 247a and 248a was at the 
stereogenic centre bearing iodine, arising directly from the double bond geometry, and 
not from the orientation ofthe iodoniurn ion during cyc1isation. 
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~. R+Qy', R o 0 = H H 
E E 
BU3SnH, AIBN, 
• THF, reflux 3 hrs 
247, 248 249, 250 251 252 
Scheme 76. Reductive Removal of Electrophilello 
However, when the alkyl group R was more hindered i.e. isopropyl, (entry 6) Table 7, 
two diastereoisomer were fonned. Greeves IlO suggested that the major isomer was a 
result of the iodonium cation, phenyl and isopropyl group all attaining a pseudo-
equatorial position during the six-membered chair-like transition state. The minor isomer 
was a result of the iodonium ion adopting a pseudo-axial orientation during cyclisation. 
Furthennore, if the precursor alcohol was geometrically pure (entries 6 and 7) Table 7, a 
single diastereoisomer ofiodotetrahydropyran 247c, 249c and 247d was isolated in ratios 
relating to the starting geometry of the alkene, otherwise two diastereoisomers of 
halogenated tetrahydropyrans (247 and 248) were isolated. 
In addition to varying the steric bulk of the alkyl group, GreevesIlO examined the effects 
of different electrophiles (iodine, N-iodosuccinimide, iodine monochloride, 2,4,4,6-
tetrabromo-2,5-cyclohexadienone, phenylthiomorpholine and N-
phenylselenophthalimide) on the synthesis of disubstituted tetrahydropyran. As seen in 
Table 7, better yields were found when Iz (Method A) was used as an electrophile 
compared with NIS, ICI and TBCO. Phenylsulfonium and phenylselenonium also 
promoted efficient cyclisation giving a mixture of four diastereomeric tetrahydropyrans 
247,248,249 and 250, Table 7 (entries 8-10). However, after reductive removal of the 
electrophile, the major product, diastereoisomer 252 resulted from the axial orientation 
and the minor product diastereoisomer 251 resulted from equatorial orientation of the ion 
during cyc1isation. 
In conclusion, Greeves110 postulated that the cyclisation of tetrahydropyrans proceeded 
through a chair-like transition state with the halogen ion adopting an equatorial 
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orientation III preference to the axial orientation selected by the corresponding 
phenylsulfonium and phenylselenonium ion during cyclisation, Scheme 77. 
Ph~R 
H 
almost exclusive 
R = n-Pr, E = PhS, PhSe 
R= i-Pr,E=1 
R = f-8u, E = Ph Se 
H 
Ph~ 
ca. 2: I preference 
Scheme 77. Dependence of Stereoseiectivity of Cyclisation on Electrophiletlo 
In his later publication, Greeveslll used the [2,3] Wittigianionic oxy-Cope rearrangement 
to prepare di- and tri-substituted o-lactones by stereoselective iodolactonisation and 
phenylselenolactonisation of a B,e-unsaturated carboxylic acid. The stereochemistry of 
the carboxylic acid arose from the B,e-unsaturated aldehyde prepared by [2,3] 
Wittigianionic oxy-Cope rearrangement.79 
The preparation of the lactone was approached by initially oxidising aldehyde 253(a-c) to 
the corresponding carboxylic acid 254(a-c) in quantitative yield, using sodium chlorite"3 
in the presence of potassium orthophosphate buffer and 2-methyl-2-butene as an acid 
scavenger. Cyclisation ofthe carboxylic acid to the lactone was initiated by electrophiles 
(iodonium ion and phenylselenonium ion), Scheme 78. 
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Oxidation , 
253(a-c) 254(a-c) 255(a-c) 
a) R = i-Pr 
b) R = cyclohexyl 
c) R=n-Pr 
E+ = t or PhSe+ 
Scheme 78. Lactone Synthesis by Greeves111 
The ratio of diastereoisomers produced by the tandem rearrangement was maintained in 
the product o-lactones. The lactone was in a boat conformation and this was confirmed 
by both X-ray and IH NMR analysis of the methine proton next to the phenyl group, 
Figure 12. 
Figure 12. X-ray Structure of Iodolactone 2SSa l11 
Further conformational analysis of the lactones showed that when the R group IS 
branched, both iodine and selenium induced cyciisation produced excellent 
diastereoselectivity with the lactone adopting a boat conformation. However, when the R 
group was changed to a less bulky n-Pr group, Scheme 79 (entries 5 and 6), Table 8, or a 
simple proton, Scheme 80, Table 9, the selectivity of the reaction altered and the product 
was observed to be in the chair conformation. The results suggested that the size of alkyl 
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group R and the presence of the Sp2 carbonyl group were responsible for governing the 
preference of boat-chair conformation and in turn the cyclisation stereos electivity. 
Eh Eh eh 
Ph 
. Rn EXlo R/'Q -C02H E+ " + + E ,.' E " R '-.....,\\ 0 0 '-.....\\\ 0 0 
254(o·c) 255(3·C) 256(a·c) 257(o·c) 
a) R ~ i-Pr 
b) R ~ cycJohexyl 
c) R~n·Pr 
Scheme 79. Electrophile-Induced Cyclisation of Unsaturated Carboxylic Acid11l 
Entry Substrate R E+ Yield Product ratio' Conformation of 
(%) 255 256 257 255 
1 254a i-Pr r 65 100 - - boat 
2 254a i-Pr PhSe+ 71 96 - 4 boat 
3 254b cycIohexyl r 59 94 - 6 boat 
4 254b cycIohexyl PhSe+ 66 94 - 6 boat 
5 254c n-Pr r 80 30" 61 0 9 chair 
6 254c n-Pr PhSe+ 79 79 29 trace chair 
, 
." 
• 0 ratIO measured by 200 MHz H NMR, ratIO measured by ISolatIOn of ISomers. 
Table 8. E1ectrophile-Induced Cyclisation of Unsaturated Carboxylic Acid11l 
~h eh 
Ph C:H e R#o R#o + 
E E 
258(o·c) 259(o·c) 260(3'C) 
Scheme 80. Synthesis of Disubstituted Lactones 
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Entry Substrate R E+ Yield Product ratio 
(%) 259 260 
I 258a i-Pr t 71 71 29 
2 258b t-Bu 1+ 78 51 49 
3 258c t-Bu PhSe+ 75 41 59 
Table 9. Synthesis of Disubstituted Lactones 
In contrast, during the iodine mediated tetrahydropyran synthesis, only a chair 
conformation was observed, demonstrating the importance of the methylene proton in 
favouring the chair conformation. However, preference for the equatorial iodonium ion 
during cyclisation was observed for both tetrahydropyrans and lactones. As demonstrated 
in Scheme 81, Table 10, iodonium initated cyclisation of unsaturated alcohol favours the 
formation of tetrahydropyran 262 and 264 from the major and minor isomers 
respectively. The episelenonium ion exhibits preference for an axial orientation during 
cycIisation to form tetrahydropyrans giving another diastereoisomer 263, Scheme 81, 
Table 10. 
~h Eh Eh Eh P):; ERD R ' RhO +E)) OH e +E):) '. + R .0 E .. ........ ,'\. 0 .......... ,',. 0 
261(a-c) 262(a-c) 263(a-c) 264(a-c) 265(a-c) 
Scheme 81. Synthesis of Trisubstituted Tetrahydropyran 
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Entry Substrate R E+ Yield Product ratio 
(%) 262 263 264 265 
1 261a i-Pr t 78 96 - 4 -
2 261a i-Pr PhSe+ 84 52 44 4 -
3 261b cyclohexyl t 73 94 - 6 -
4 261b cyclohexyl PhSe+ 63 48 48 4 -
5 261c n-Pr r+ 80 70 30 trace -
6 261c n-Pr PhSe+ 77 43 48 9 -
Table 10. Synthesis of Trisubstituted Tetrahydropyran 
Greeves79• 110-112 procedures clearly show that it is possible to form a range of 
heterocycles in a highly diastereoselective fashion from o,e-unsaturated aldehyde using 
relatively simple chemistry. We chose to apply the same synthetic methods to our chiral 
aldehyde 225, Figure 13, in the hope of demonstrating the potential of the acyclic 
stereocontrol of our amino-Cope rearrangement. In doing so we aim to obtain a range of 
highly enantiomerically enriched heterocycles with defined stereochemistry. 
o Ph 
H~ 
Figure 13. Aldehyde 225 via Anionic Amino-Cope Rearrangement 
Furthermore, as discussed in Chapter 1, the amino-Cope rearrangement has a significant 
advantage over the analogous oxy-Cope rearrangement in terms of asymmetric 
induction.102 This is because the oxy-anion substituent shows little preference to adopt an 
axial or equatorial position during the proposed chair like transition state in the oxy-Cope 
rearrangement, thus delivering product with only a moderate level of enantiomeric 
excess,77 Figure 14. However, in the amino-Cope rearrangement, the amine group has a 
strong preference to adopt an equatorial position during the chair transition state due to its 
increased bulk.9s This in turn leads to the product with greater asymmetric induction. 
77 
Figure 14. Oxy-anion - Little AxiaVEquatorial Preference 
Allin and Baird,106 demonstrated the first synthetic utility of the asymmetric anionic 
amino-Cope rearrangement and highlighted its potential for future application in natural 
product synthesis. The authors reported a novel route to functionalised 2,4-disubstituted 
tetrahydropyrans in high enantiomeric excess from the o,E-unsaturated aldehyde 225. The 
aldehyde was obtained via the anionic amino-Cope rearrangement, (see Chapter 1 
Section 1.2.5.3.2.3.). With the success of 2,4-disubstituted tetrahydropyrans synthesis, 
we continued with this project and aimed to synthesise o-lactones. Highly functionalised 
non-racemic lactones are important components of a wide range of biologically active 
natural products and drug molecules. For example the natural product discodermolide,114 
which is believed to inhibit proliferation of leukaemia cells, contains a highly substituted 
lactone core, Figure 15. 
OH OH 
OH OH 
Figure 15. (+)-Discodermalide 
In order to prepare the non-racemic o-lactones, we used the anionic amino-Cope 
rearrangement protocol developed by the Allin research group to synthesis O,E-
unsaturated aldehyde 225. 101 It was essential to obtain aldehyde 225 with a high level of 
enantiomeric excess so that the chirality would be transferred to the heterocycles. 
Previous work by the AIlin research group showed that the anionic amino-Cope 
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rearrangement on diene substrates derived from trans-cinnamaldehyde and 
phenylalaninol as a chiral auxiliary lead to aldehyde 225 with the highest level of 
enantiomeric excess (up to 94%),104 Table 11 (entry 6), Scheme 82. 
OH 
y~~Ph 
R ~ 
1) n-BuLi , 
o Ph 
H~ 
229(a-f) 225 
Scheme 82. Anionic Amino-Cope Rearrangement of Diene 229(a-1) 
Entry Substrate R Aldehyde (%) e.e 
1 229(a) (S) i-Pr 60 84 
2 229(b) (R) i-Pr 54 84 
3 229(c) (S) t-Bu 53 88 
4 229(d) (S) i-Bu 57 71 
5 229(e) (S)Ph 61 83 
6 229(1) (S) PhCH2 65 94 
Table 11. Anionic Amino-Cope Rearrangement of Diene 229(a-1) 
To prove the enantioselectivity of the lactone syntheses, we also prepared racemic 
aldehyde 225 to act as a reference throughout the synthetic development. 
2.2. Preparation ofImine 228 
The most effective method found by the AlIin research group to synthesis substrates for 
anionic amino-Cope rearrangement involved the formation of a stabilised imine using 
trans-cinnamaldehyde 222 and ~-aminoalcohol 227, Scheme 83, with subsequent attack 
with a suitable nucleophilic allyl species. 104 
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OH 
r
NH2 
OH 
Ph~O CH2CI2 rN~Ph + • 
Ph 
Ph 
227 222 228 
Scheme 83. Synthesis of Imine 
Imine 228 was prepared by stirring equimolar amounts of the ~-aminoalcohol 227 and 
trans-cinnamaldehyde 222 in DCM for 10 mins, monitoring by IR (C=N appears at 1634 
cm-I, whilst the C=O stretch of cinnamaldehyde decreases at 1676 cm-I). Removal ofthe 
water, which is formed during the reaction, was necessary to drive the reaction to 
completion. The addition of anhydrous magnesium sulphate during the reaction worked 
well with the benefit that it acted as a mild Lewis acid catalyst, thus driving the reaction 
to completion. The stabilisation afforded by the conjugated aryl unit was important in 
this work as it enabled us to handle the imines without them degrading during subsequent 
reactions. Imine 228 was afforded in 97% yield and was used without further 
purification. 
For the preparation of racemic imine 228 we foll?wed the same procedure as above but 
substituted racemic ± phenyalaninol for L-phenyalaninol. 
It is interesting to note that work by Pridgen liS has observed that imines such as 228 can 
exist as the ring closed oxazoline species Figure 16, which may also offer increased 
stability. In our case, we solely observed, the ring-opened tautomer as seen from the 
analysis of the IH NMR spectra in deuterated chloroform (CH=N- 0 8.1)_ A reason for 
this may be that our conditions for synthesis were very mild. On the other hand, 
PridgenllS reported refluxing over magnesium SUlphate for 18 hours before work-up, this 
may have forced the reaction further causing the formation of ring closed products. 
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OH 
yN~Ph 
Ph H 
(; -8.1 
Figure 16. Tautomerisation ofImines Derived from ~-Amino aIcohols 
2.3. Syuthesis of L-PhenylalaninoI 
To minimise cost, ~-amino alcohol (L-phenylalaninol) 227 was prepared by reducing 
commercially available L-phenylalanine 266. There are several methods available for the 
reduction of aminoacids l16 to amino alcohols but limitations are involved. The most 
suitable method chosen by our research group was reported by Giannis. 117 It involved the 
use of Me3SiCI and LiBH4 to generate borane in situ, giving L-phenylalaninol 227 in 
good yield (88%) and purity, Scheme 84. 
~COOH 
V NH2 Me3SiCI, • LiBH4' THF 
226 
Scheme 84. Synthesis of L-PhenylalaninoI 
2.4. Preparation of 3-Amino-l,5-hexadiene 
Allin and Button,104 performed a comprehensive literature search of diastereoselective 
imine allylations, and found the most suitable method for the preparation of dienes was 
Grignard addition. The addition of organometallic species to imines derived from non-
racemic ~-amino-alcohols and their derivatives is known to be highly diastereoselective 
and has been proposed to proceed through a chelated transition state. 1I8 The "sense" of 
stereochemical induction during imine addition is controlled by the inherent absolute 
stereochemistry of the chiral auxiliary, allowing accurate predictions to be made about the 
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relative configurations of the diene product. The high degree of stereocontrol in this 
reaction may be attributed to a highly ordered transition state resulting from chelation of 
the alkoxide and imine nitrogen to the metal atom. A further equivalent of allyl 
magnesium bromide will attack from the least hindered face of the carbon-nitrogen 
double bond, Scheme 85. 119 
OH 
yN~Ph 
R 228 
~Mg 
allyl attack from below, least hindered face 
Scheme 85. Stereoselective Grignard Addition to Imines 
However, in the case of a,p-unsaturated imine substrates, the competition arises between 
1,2 and 1,4-addition. Other research groupsl20 have addressed this question, and the 
following generalisations have been made for a,p-unsaturated imine substrates containing 
a,p-amino alcohol auxiliaries: 
• organolithium, cerium and cuprate reagents undergo 1,2-addition. 
• Grignard reagents add exclusively in a 1,4-fashion. 
It is clear from previous work by the Allin research group 101. 104 that allyl Grignard 
reagents show an anomaly to this generalisation, since no 1,4-addition product was 
observed, Scheme 86, Table 12. 
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, 
OH OH ~N~Ph 
R 
~MgBr 
Et20 or 
Et20/PhCH3 
y~~Ph 
R ~ 
228(a-f) 229(a-f) 
Scheme 86. Grignard Addition to Imines 
Imine R Diene 229 (%) d.e. (%)C 
228(a)" (S) i-Pr 78 84 
228(b)b (R) i-Pr 66 84 
228(c)" (S) (-Bu 77 88 
228(d)' (S) i-Bu 60 71 
228(e)b (S)Ph 83 83 
228(f)b (S) PhCH2 71 94 
" 
,.H , 
reactIOn performed by Button, reactIOn performed by Baud, detemuned by 250 MHz H NMR 
spectroscopy 
Table 12. Results from the Grignard Reaction 
It is reasonable to postulate a six-membered transition state for the allyl magnesium 
addition to our conjugated imines. The magnesium may co-ordinate with the imino 
nitrogen, addition then occurs in a 1,2-fashion through a six membered transition state as 
shown in Scheme 87. A less favourable eight membered transition state would be 
necessary if the 1,4-addition mechanism was to proceed. 
83 
1,2 addition 
Ln 
0y/M~, , 
t:l.:-- ~ /R 1':::--;" '::y' 
, , 
R: ,) 
BrMg .... ~
8-membered transition state 1,4 addition 
Scheme 87. Allyl Grignard Addition to Conjugated Imines 
Problems were encountered with the stability of allyl Grignard, therefore it had to be used 
within an hour of preparation or the reaction yield was lowered. Furthermore, the group 
experienced that solvents such as THF had drastically reduced diastereoselectivity in the 
product, therefore imines were routinely dissolved in dry ether and toluene under an inert 
atmosphere before dropwise addition to the Grignard solution at room temperature. Some 
difficulty arose when a precipitation formed during the addition, which we believe to be 
magnesium salt resulting from deprotonation of the alcohol moiety, and the substrate was 
rendered inactive. This problem was overcome in most cases by using a large dilution or 
by gently heating the solution until addition was complete. 
Alternatively, for large scale preparation, Allin and Baird10l performed the reaction in one 
pot, thus eliminating the problem of adding the Grignard reagent too fast. The formation 
of a Grignard reagent in situ is often referred to as the Barbier-type reactionl21 and its 
application to the allylation of imines was reported by Hou,122 demonstrating how 
aldimines could be efficiently allylated using magnesium foil or commercial zinc powder 
without any further activation, Scheme 88. 
84 
~Br 
267 268 
1) Mg or Zn. THF. OOC-r.t. 
2) NaHC03 (aq.) 
Scheme 88. Barbier-Type Grignard Reaction Performed by Hou122 
The high efficiency of the Barbier-type reaction indicated that as soon as the Grignard 
reagents were generated they were instantaneously trapped by the electrophilic C=N 
bond 123 and the very low concentration of the allylic anion meant that the side reactions 
ofimines such as enolisation124 (Figure 17), coupling and dimerisation reactions involved 
in the preparation of allylmagnesium bromide reagents,125 were avoided. A further 
advantage of the Barbier-type reaction is that it did not require rigorously dry conditions, 
i.e. solvent and glassware. However, if the reaction was perfonned under inert 
atmosphere, the yields were slightly higher. 
Figure 17. Enolisation of Imines Reported by Stork124 
Work by the Allin research group101 and others126 has shown that for the Barbier-type 
reaction the choice of solvent is crucial when trying to obtain the best diastereoselectivity. 
Solvents such as THF and DME proved to give low diastereoselectivity, whilst diethyl 
ether gave consistently high diastereoselectivity. Furthennore, work by others127 has 
proposed that at low concentrations Grignard reagents exist in solution as monomers and 
there is evidence to suggest that the preferred structure is of type RMgX.20R' 2, with 
solvent stabilisation being of great importance. As shown in Scheme 87, the 
diastereoselectivity induced during the Grignard addition relies on the fonnation of a 5-
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membered chelate. Similar chelated structures have been proposed by FaJlisl26 to be 
highly solvent dependent with THF proving to be a poor solvent choice. 
To improve the solubility of imine 228f, toluene was added to diethyl ether in the ratio of 
1:4 as this did not appear to interact with the selectivity of the reaction. Three equivalents 
of allyl bromide and magnesium turnings were added to the reaction mixture to generate 
the Grignard reagent in situ. After ovemight stirring, the reaction proceeded with 98% 
diastereoselectivity giving the corresponding diene 229f in a moderate yield of 71 %, 
Scheme 89. 
2281 
~MgBr 
• 
Et20ftoluene, 
(4:1) 
H 
Ph~··,\N~Ph 
HO) ~ 
2291 
Scheme 89. Synthesis of Amine 229f 
The relative stereochemistry of diene substrate 229f was confirmed by single crystal X-
ray analysis prepared by AlIin and Baird,lol Figure 18, this confirmed that the allyl 
nuc1eophile does indeed attack the imine from the least hindered face producing the 
expected 'anti' stereochemistry. 
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1.... _______________________________________ ---l 
Figure 18. Crystal Structure of Amino-Diene 229f101 
2.5. Anionic Amino-Cope Rearrangement 
AlIin and Button 1 04 optimised the conditions required for anionic amino-Cope 
rearrangement. To generate the amide anion a range of bases (LHMDS, LDA, t-BuOK, 
NaH and n-BuLi), different solvents and varying temperatures was investigated. The 
most effective combination found was the use of of n-BuLi (2.5 equivalent) as base, 
anhydrous THF as solvent at -78°C, followed by reflux. Over one equivalent of base was 
necessary since the substrate contains a hydroxy group that is also deprotonated during 
the reaction. Bases such as LHMDS, LDA, t-BuOK and NaH remained ineffective at 
promoting the rearrangement. 
Anionic amino-Cope rearrangement of diene 229f was effected by dissolving the diene 
substrate in anhydrous THF and cooled to -78°C before dropwise addition of n-BuLi. 
The deprotonated amine solution was warmed to room temperature before being placed in 
a pre-warmed oil bath and refluxed for 1 hour. The rearranged product appeared as an 
oxazolidine resulting from ring closure of the hydroxy group onto the intermediate 
enamine during work-up. Liberation and purification of the crude product on silica gel 
hydrolysed the heterocycle yielding aldehyde 225 in moderate yield (71%) with high 
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level of asymmetric induction (e.e. = 91%), Scheme 90. It was crucial to ensure all 
glassware and reagents were rigorously dried for the reaction to proceed. 
OH 
lv~~Ph 
) -h-
Ph ~ 
229f 
° Ph H~ 
225 
OU 
n·BuLi, , 
lv~~Ph 
Ph) V 
Scheme 90. The Amino-Cope Rearrangement 
During the amino-Cope rearrangement of the phenylalaninol substrate, a high level of 
asymmetric induction was observed, in comparison to its counterparts,101 Scheme 91. 
OH 
~~yvPh 
° 
Ph 
1) n·BuLi, H~ , R ~ 2) H30+, Si02 
229 225 
Where R = 
Y j p) Ph 
e.e. (%) = 71 83 84 88 94 
.. 
Increase in enantioselectivity 
Scheme 91. Trend of Increasing Enantiomeric Excess with Increasing Steric Bulk 
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A plausible explanation for the greater stereoselectivities maybe due to the increased 
steric bulk of the substituent in \3-position. Furthermore, these chiral auxiliaries101 are 
known to form a 5-membered chelate, Figure 19. 
O"U r~ 
Ph H 
Figure 19. Proposed 5-Membered Chelate 
As demonstrated in Figure 19, increasing the bulk of the amine component forces the 
diene to react with the amine substituent occupying a pseudo-equatorial orientation. 
2.5.1. Measuremeut of Enantiomeric Excess of Aldehyde 
The enantiomeric excess and absolute configuration of aldehyde 225 was measured by 
derivatisation using IR, 2S-(-)-ephedrine, as described by Agami on a similar substrate. 128 
Aldehyde 225 was dissolved in DCM and stirred overnight with an equimolar of 
lR, 2S-(-)-ephedrine to give a mixture of diastereomeric oxazolidine, Scheme 92. The 
diastereomeric excess of the oxazolidine, measured by IH NMR analysis of the S-isomer, 
was directly related to the enantiomeric excess of the R-isomer of aldehyde 225. 128 
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o Ph 
H~ + 
H3Cr--(h 
PhXOH N 0 
DCM...; • ...;r_.!..:.... 2 .... 4 hrs H3j5C"" + 
-_.-. " 
H' 
Me NHMe 
-(->-ephedrine Ph 
--= 
225 
2705 270R 
Scheme 92. Derivatisation of Aldehyde 
2.6. Synthesis of Lactones 
2.6.1. Preparation of Carboxylic Acid 
Using Lindgren'sl13 conditions, both racemic and chiral aldehyde 225 was cleanly 
oxidised to the corresponding D,e-unsaturated carboxylic acid 271 in quantitative yield 
using sodium chlorite in the presence of potassium orthophosphate buffer and 2-methyl-
2-butene as a hydrogen scavenger, Scheme 93. Unfortunately we were unable to measure 
the enantiomeric excess of the chiral carboxylic acid. However, the optical rotation 
([aj25D _21°)129 suggested that the acid was non-racemic although it would be incorrect to 
suggest that the enantiomeric excess was unchanged from the aldehyde using such 
measurements. 
o Ph 
H~ 
225 
NaOCb 
2-methYI-2-butene. 
pH 4.0 aq. buffer 
o Ph 
HO~ 
271 
Scheme 93. Oxidation of Aldehyde 
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2.6.2. Electrophilic Cyclisation of Carboxylic Acid 
The next step involves the electrophilic induced cyclisation of the o,E-unsaturated 
carboxylic acid to the corresponding o-Iactone. Electrophilic initiated lactonisation of 
both cyclic and acyclic unsaturated carboxylic acid is a useful process since it allows the 
cyclisation to proceed by an intramolecular process and hence, the reaction offers 
selective functionalisation of the unsaturated substrate. Successful electrophilic induced 
cyclisation to access the target o-Iactone have been reported by others. lJo 
Lutzl31 performed similar cyclisation to synthesis enantiomeric enriched o-Iactone 276 
from chiral amide 275, Scheme 94. The enantiomeric excess ofthe product was assigned 
on the basis of the optical purity of the starting material. We therefore expect that our 
synthesis would proceed without loss of enantiomeric excess when using chiral acid as 
the starting material thus constituting a 'formal' synthesis of enantiomerically enriched 0-
lactones using the amino-Cope rearrangement. 
l 
- 0 Ph~N/ 
H 
275 
e.e. = 74% 
sat. NaHC03 
276 
e.e. = 74% 
Scheme 94. Cyclisation of Chiral AmideJ3J 
2.6.2.1. Iodine as an Electrophile 
Employing the same conditions as Greeves, III carboxylic acid 271 underwent cyclisation 
using iodine as an electrophile with sodium hydrogencarbonate in acetonitrile to form 
diastereoisomeric lactones 272a and 272b in an approximate ratio of 4: 1 in favour of the 
syn isomer, Scheme 95. The ratio of the diastereoisomers was revealed from the IH 
NMR analysis of the crude reaction mixture. 
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o Ph 
HO~ 
271 
4AMS, MeCN 
r.t., 24 hrs. o 
+ 
272a 
Scheme 95. Synthesis of 3-Iodolactone 
272b 
The major isomer resulted from ring closure onto the equatorial iodonium ion and the 
minor isomer from cyclisation onto an axial intermediate. The stereochemistry ofthe two 
diastereoisomers was postulated on the basis of HETCOR, COSY and chemical shifts 
obtained from IH NMR analysis. IH NMR spin coupling studies displayed strong diaxial 
coupling throughout the IH NMR spectrum of the major isomer. Large coupling values 
(all above 11 Hz) were observed for C-5 proton, which indicates diaxial coupling, Figure 
20. 
O~H 0- I H H 
Ph 
H H~ Jax.ax = 12 Hz 
O~I 
H O· HH 
Ph H H~ Jax.eq = 4 Hz 
Major Diastereoisomer Minor Diastereoisomer 
Figure 20. Coupling in Iodolactone 272 
In addition, irradiation of a proton at C-6 by IH NMR NOE experiment enhanced the 
proton peak at C-4 and vice versa. These data suggests that the major isomer exists in a 
chair-like configuration and was further confirmed by X-ray crystal structural analysis of 
272a, Figure 21. The minor isomer showed a less complex proton spectrum with no 
obvious diaxial or diequatorial couplings and a weaker axial-equatorial coupling is seen 
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(ca. 4 Hz) for the proton at C-S. Unfortunately we were unable to grow crystals of the 
minor isomer. Our results were in agreement with studies carried out by Greeves111 and 
others130. 131 on the selective formation of cis-3,S-disubstituted lactones via 
iodolactonisation and is consistent with the chair-like transition state. 
Figure 21. Crystal Structure ofIodolactone 272a 
To determine the enantiomeric excess of the lactone we used HPLC with ChiralCel OD-H 
column. This was previously employed by the Allin research groupI06 to measure the 
enantiomeric excess of tetrahydropyrans. The racemic lactone containing only the major 
isomer was used for method development and we found that using an eluent mixture of 
90% hexanes and 10% propan-2-ol gave the baseline separation of the enantiomeric 
compounds. The enantiomeric excess of the major lactone 272a was 86%, which is 
essentially the same as the aldehyde precursor. Confirming minimal loss of 
stereochemical integrity during derivatisation and subsequent cyclisation ofthe aldehyde. 
2.6.2.2. Phenylselenium Ion as an Electrophile 
After the success with iodine as an electrophile to induce cyclisation, a further variant of 
this valuable cyclisation methodology was investigated. The phenylselenyl group is 
known to be a useful 'handle' in that it would allow further molecular elaboration. For 
example, oxidative cleavage of the phenylseleno group would intum allow us to form a 
hydroxy compound. 132 Using the methodology by Nicolaou,133 carboxylic acid 271 was 
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treated with phenylselenyl chloride in the presence of pyridine as a weak base in 
dichloromethane at -78 QC, Scheme 96. The reaction was successful, giving the 
corresponding lactones 273a and 273b as inseparable diastereomeric isomers in a 3:1 
ratio, again in favour of the cis isomer. The configuration of each of the isomers was 
determined by TOCSY and by direct comparison with the IH NMR spectra of the 
iodolactone and after reductive removal of the electrophile using BU3SnH (see Section 
2.6.2.4.). The ratio of the isomers was determined by I H NMR analysis of the crude 
reaction mixture. Despite several attempts with flash column chromatography and 
preparative TLC in different solvent system, we were unable to separate each of the 
isomers. 
o Ph 
HO~ 
271 
PhSeCl, 
Pyridine, 
• 
DCM, -78 QC to r.t. 
SePh 
+ 
o 
273a 
Scheme 96. Synthesis of S-Phenylselenolactone 
273b 
The inability to separate the diastereomeric components of the /i-selenolactones prevented 
us from determining the corresponding enantiomeric excess of the isomers. However, 
based on the iodolactonisation result above and previous work published by the Allin 
research groupl06 on the synthesis of enantiomerically enriched tetrahydropyrans using a 
selenium-induced cyclisation route, we would not expect to observe any significant loss 
of enantiomeric excess during phenyl selenium-induced cyclisation of non-racemic 
carboxylic acid to lactone. 
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2.6.2.3. Optimum Conditions for Electrophilic Cyclisation of Carboxylic Acid 
To optimise the reaction conditions and to increase the diastereoselectivity for the 
electrophilic induced cyclisation of carboxylic acid 271 to the corresponding lactones, we 
simply changed the following variables: -
i) Solvent 
ii) Temperature 
Table 13, Scheme 97, highlights our findings on the effects of different solvents and 
temperatures on the diastereoseiectivity (cis:trans isomer ratio) and product yield of 
iodine mediated cyclisation of 2,4-disubstituted lactones. 
o Ph 
HO~ 
271 
NaHCOa,I2 
• 
272a 
CIs 
+ 
Scheme 97. Iodolactonisation Under Variahle Conditions 
Solvent Temperature Ratio 
(cC) (Cis:Trans) 
MeCN 0 6:1 
MeCN r.t. 4:1 
THF -78 13:1 
THF r.t. 6:1 
272b 
Trans 
Yield 
(%) 
70 
73 
68 
75 
Table 13. Iodine Mediated Cyclisation of Unsaturated Carboxylic Acid Under 
Variable Conditions 
I 
I 
I 
95 I 
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The results clearly demonstrate that the diastereoselectivity of the iodo-Iactone is strongly 
influenced by change in solvent and temperature. We therefore decided to expand our 
investigation to phenylselenium mediated cyclisation of the \5-lactone to find out if a 
greater impact would be seen on diastereoselectivity by alternative reaction conditions. 
The results we obtained were recorded in Table 14, Scheme 98. 
o Ph 
HO~ 
271 
PhSeCI. 
Pyridine 
• 
SePh 
273a 
Cls 
+ 
273b 
Trans 
Scheme 98. Selenolactonisation Under Variable Conditions 
Solvent Temperature Ratio Yield 
(0C) (Cis: Trans) (%) 
DCM -78 3:1 71 
DCM r.t. 2:1 58 
THF -78 2:1 67 
THF r.t. 1.5:1 55 
Table 14. Phenylseleninm Mediated Cyclisation of Unsaturated Carboxylic Acid 
Under Variable Conditions 
The iodine mediated cyclisation of carboxylic acid 271, Scheme 97, Table 13, under both 
kinetic or thennodynamic conditions, lead predominately to the cis isomer 272a, which is 
consistent with the involvement of a chair-like transition state. J3O·1Jl Although the change 
of solvent from MeCN to THF and decrease in temperature from r.t. to -78 °C had a great 
impact on the diastereomeric ratio, yielding compound 272 in 13: 1 ratio in favour of cis 
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isomer. This shows that cyclisation occurs via a kinetic approach. However, the above 
changes did not have significant effect on the yields of the 2,4-disubstituted iodolactones. 
Change in solvent and temperature for cyclisation induced by phenylselenium did not 
show significant differences in the diastereomeric ratio but a drop in yield was observed 
as temperature was increased, Scheme 98, Table 14. In contrast, Knightl34 reported 
selenolactonisation of hydroxy acid 277 under kinetic condition gave a 10: 1 mixture of 
selenolactones 278a and 278b respectively, in 40% yield. However, under 
thermodynamic conditions the yield had improved to 64%, but with a ratio of only 1:1, 
Scheme 99. 
eo\, HOUO 
"l:C0 PhSeCI. + • OH THF I 
"SePh SePh 
277 27Ba 278b 
Scheme 99. Selenolactonisation by Knight134 
Overall, a significant reduction in the level of product diastereoselectivity was observed 
on moving from t to the PhSe + electrophile. We believe that this may have resulted from 
the reduced preference of the PhSe+ electrophile to adopt an equatorial orientation during 
cyclisation via a chair-like transition state that is clearly favoured by the t electrophile. 
This has been noted previously by GreevesllO-111 for similar substrates. Greeves reasoned 
that this was due to PhSe + cation favours an axial orientation during cyclisation of O,E-
unsaturated hexanols to yield the corresponding tetrahydropyran product, instead of 
equatorial orientation selected by the corresponding iodonium ion. Greeves" l also 
observed that under kinetic conditions PhSe+ induced cyclisation of o,E-unsaturated 
carboxylic acid with a less bulky or no substituent at the C-4 position leads to the 
corresponding lactone via a chair-like transition state favouring the formation of the cis 
lactone (approx. 2.5:1 ratio). This is in accordance to our findings (3:1 ratio in favour of 
cis isomer). In contrast, Knight134 reported preference for the formation of trans 
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phenylselenolactone under kinetic conditions, contradicting both Greeves1ll and our 
findings. We believe that this may have occurred due to the presence of an 
electronegative and less sterically demanding hydroxyl substituent at the C-4 position on 
the lactone instead of the stable and bulkier phenyl substituent that is present in both 
Greeves and our substrate. 
2.6.2.4. Reductive Removal of Electrophile 
Lactone 272a was further manipulated by removing the iodo substituent following a 
radical induced method l35 using BU3SnH and a catalytic amount of AIBN to generate the 
non-racemic methyl substituted derivative 274a in 83% yield with an optical rotation of 
[aj25D _17.2°, Scheme 100. 
MeCN, reflux 4 hrs 
272a 274a 
Scheme 100. Dehalogentaion of Lactone 272a 
Removal of the phenylselenium substituents from the diastereomeric lactones 273a and 
273b gave the corresponding methyl substituted lactones 274a and 274b in the same ratio 
as the starting material, Scheme 101. 
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-----~~ 
Se Ph 
Me ~e 
MeCN, reflux 4 hrs 
o 
273a 273b 274a 274b 
Scheme 101. De-selenosation of Lactone 273a and 273b 
Due to disadvantages of using tin for the reductive removal of electrophiles, (i.e. high 
level of toxicity and difficulties of removing tin residue from product) we decided to try 
an alternative procedure. TTMSS was used with a catalytic amount of AIDN and the 
reaction was heated under reflux in acetonitrile, Scheme 102. The progression of the 
reaction was monitored using TLC. Unfortunately the reaction was unsuccessful, 
showing no starting material or product peaks in both IH NMR and GC-MS analysis. We 
therefore continued using Bu3SnH and a catalytic amount of AIDN for the reductive 
removal of electrophiles from the lactones. 
272a 
TTMSS, AIBN, 
l( • 
MeCN, reflux 
Me 
274a 
Scheme 102. Attempted Dehalogenation of Lactone 272a 
2.7. Insight to Piperidine Synthesis 
To extend the synthetic application of the anionic amino-Cope rearrangement, other 
group members within our research group have worked on synthesising chiral piperidines 
from o,B-unsaturated aldehyde 225 obtained via the anionic amino-Cope rearrangement. 
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Non-racemic piperidines are important components of a wide range of biologically active 
natural products including azasugars, which are known to be potent glycosidase 
inhibitors. 136 Glycosidase inhibitors are used in the diagnosis and treatment of a wide 
range of conditions such as obesity, diabetes, cancer and viral infections, including 
AIDS.137 
Successful syntheses of piperidines have been reported by other workers\32, \37·\38 using 
different preparation procedures. 
Ganeml38 prepared piperidine 281 from highly substituted unsaturated amine 280, derived 
from bromo ether 279 via reductive elimination, ring opening and reductive amination to 
form piperidine 281 as shown in Scheme 103. 
Bn 
BrH2C 0 "OCH3 )INHBn BrHgH2CX)N 
.. ' Zn dust, BnNH2 " CF3COOHgBr 
.. .. 
OB ,)~I""OBn NaBH3CN, OBn"'" ""'OBn THF OBn"'" ""'OBn n""'Y n-PrOH/H20 
OBn OBn OBn 
279 280 281 
Scheme 103. Piperidine Synthesis by Ganem138 
Graczal37 synthesised piperidine 283 by Pd (H)-catalysed aminocarbonylation of highly 
substituted benzylaminoalkene 282 followed by reductive ring opening and deprotection, 
Scheme 104. 
100 
OH 
OH OBn 
~NHBn 
OBn 
OBn _--C:._ HOD .. "OH 
BO 6 ii n '" ,,0 '. .., '''=0 iii N """/""'OH .. ,,"/-- H.HCI 
282 
i) PdC12, CuC12, NaOAc, AcOH, 7hrs, 50 QC 
ii) LiBH4' THF, 0 QC to r.t. 
ill) H2, 10% Pd/C, HC!. MeOH, r.t. overnight 
N 
Bn 
Scheme 104. Piperidine Synthesis by Graczal37 
283 
In 1994, Wardl32 achieved the synthesis of less substituted piperidines 285 and 286 in 
good yield and stereo control by using PhSeCI or PhSeBr to induce cyclisation of 
carbamates, sulphonamides and ami des, Scheme 105. 
OR' a:: 
284(a-e) 
a: R=C02Et, R'=H 
b: R=C02tBu, R'=H 
c: R=S02C,H,CH" R'=H 
d: R=COCH" R'=H 
PhSeCl, C'i!CI2 
• 
or PhSeBr, CH Ch 
e: R=S02C,H,CH" R'=TBDPS 
OR' OR' 
... ((:sePh CX/sePh N '1/ 
R R 
285(a-e) 286(a-e) 
Scheme 105. Piperidine Synthesis by Ward13Z 
Using the above procedures, our research group hoped to synthesise non-racemic 
piperidines from our highly enantiomeric enriched aldehyde, Scheme 106, 
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225 
reductive 
• 
amination 
287 
E~ N Bn 
288 
Scheme 106. Synthesis of Piperidines from o,8-Unsaturated Aldehyde 
The AlIin research group embarked on this proj ect with a strategy similar to that of 
Ganem. '38 Racemic aldehyde 225 was initially converted to an N-protected amine 287 in 
79% yield via reductive amination using benzyl amine and sodium borohydride as 
demonstrated in Scheme 107.'0' 
1) Ph-NH2. CH2CI2 • 
• 
2) NaBH4• MeOH 
H 
PhCN,--/Ph 
287 
Scheme 107. Reductive Amination of Aldehyde lO1 
Several attempts were made to access the corresponding piperidine target from amine 287 
via electrophile-induced cyclisation, but were unsuccessful. However, after repeated 
attempts 4-phenylpiperidine derivative 292 was successfully synthesised 139 from a model 
secondary amine derivative 288 via an oxidative cleavage-cyc1isation route described by 
Xue,'40 Scheme 108. 
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NHBn Ph 
~ 
288 
cS 
I 
Cbz 
292 
Cbz .... "Bn 
N Ph 
~ 
289 
iv 
i; 
Cbz .... "Bn N Ph 
~CHO 
290 
1 iii 
cS ~2 °2CCF3 
291 
i) N-(benzyloxycarbonyloxy)succinimide, NMM, DCM, Lt., 18 hrs. (79%) 
ii) 0" PPh" DeM, r.t., 18 hrs. (85%) 
iii) H, (50 psi), Pd/C, TFA, MeOH, r.t., 18 hrs. 
iv) N-(benzyloxycarbonyloxy)succinimide, NMM, DCM, r.t., 18 hrs. (29%) 
Scheme 10S. Synthesis of Piperidine 
Although, the piperidine synthesised is achiral, due to the centre of symmetry in 292, this 
methodology has in effect demonstrated a potential route to access piperidines from 
products of amino-Cope rearrangement. 
A recent publication by Donohoel41 demonstrated a regioselective regIme for 
hydroxyamination of allylic carbamates to the corresponding hydroxyoxazolidinone in 
the present of a catalytic amount oftransition metal, Scheme 109. 
293 
K20s(OH1204 (4%) 
NaOH (1 eq.), 
I-BuOCI (1 eq.), 
PrOH/H20, Lt. 
Scheme 109. Regioselective Aminohydroxylation of AUylic Carbamatesl41 
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The stereospecific nature of the reaction was attributed to the presence of osmium which 
supports the in situ formation of an O=Os=NR fragment, hence, allowing both the oxygen 
and nitrogen to be introduced in a regio- and stereo-specific manner. 
We believe that the above aminohydroxylation methodology could be a potentially useful 
approach for the preparation of non-racemic piperidine from the amino-Cope rearranged 
aldehyde 225. We would initially need to oxidise aldehyde 225 to the corresponding 
carboxylic acid 271, as demonstrated in Section 2.6.1. of this chapter, which would be 
followed by amination of the hydroxy group142 to the corresponding amide 295 and 
finally subjected to aminohydroxylation reaction, affording our desired piperidine 296, 
Scheme 110. 
0 Ph NaOq,' 0 Ph H~ • HO~ 2-methyl-2-butene, pH 4.0 aq. buffer 
225 271 
, 
: NbCls, 
: Ammonia 
, , 
Ph o Ph ~OH K20s(OH1204 (4%) H2N~ ~---------------. NaOH (1 eq.), I-BuOCI (1 eq.), 295 o N 
PrOH/H20, r.t. 
296 
Scheme 110. 
Unfortunately due to time restraints we were unable to attempt this approach, however 
this will be of high priority for the AIIin research group. 
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2.8. Conclusion 
From our findings, we observed that r induced cyclisation of 8,e-unsaturated carboxylic 
acid showed strong preference towards the cis lactone under both kinetic and 
thermodynamic conditions. However, the preference towards the cis isomer was greatly 
exaggerated under kinetic conditions with THF as the solvent. PhSe + induced cyclisation 
also showed preference towards the cis isomer under both kinetic and thermodynamic 
conditions with greater preference towards the cis isomer under kinetic conditions. 
Moreover, the degree of preference towards the cis isomer was not as great as that 
achieved with the r electrophile (13:1 in favour of cis isomer using rand 3:1 in favour 
of cis isomer using PhSe+). We believe that the difference in results may have incurred 
due to the reduced preference of the PhSe + electrophile to adopt the equatorial orientation 
during cyclisation through the chair-like transition state that is clearly favoured by the r 
electrophile. 
In conclusion, we have demonstrated the synthetic potential of the anionic amino-Cope 
rearrangement by synthesising simple non-racemic 2,4-disubstituted lactones with no 
apparent loss of stereochemical integrity. We have also obtained excellent 
diastereoselectivity of 2,4-disubstituted lactones and showed that the diastereoselectivity 
is greatly influenced by choice of solvents, temperature and electrophiles. In addition, we 
have proven through X-ray crystaJlography studies that r induced cyclisation of 8,e-
unsaturated carboxylic acid proceeds to the corresponding lactone via a chair-like 
transition state with iodine adopting an equatorial orientation. 
Furthermore, these non-racemic heterocycles are important components of wide range of 
interesting biologically active natural products and can be used as building blocks for 
natural product synthesis. 
105 
--- ------ ------------------
2.9. Further Work 
The asymmetric anionic amino-Cope rearrangement could be used in the stereoselective 
synthesis of a variety of substituted aldehydes and their derivatives. This can be achieved 
by simply using a variety of chiral amine auxiliaries to induce the asymmetry, Scheme 
111, manipulation of functional group such as the amine in the diene, reduction of imine 
following rearrangement or the transfonnation of the alkene subunit, can all lead to a 
variety of highly substituted compounds. 
H 1 R/NC:R " n-BuLi 
~ R2 [3,31 
Further Functional 
Group Manipulation 
I 
, 
. 
Reducti~ ~Xidation 
HO~R1 R1 
H00(X 
:::,.... R2 :::,.... R2 
E+ 1 le 
R1 R1 
EJ) 
0 En o 0 
Scheme 111. 
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Furthennore, incorporation of an enamine alkylation procedure into our methodology 
would allow the synthesis of more highly substituted lactones and tetrahydropyrans, 
Scheme 112. 
n-BuLi 
Li 1 /N~R R ~ 1) electroph~e = R 
:::,.... R2 2) H30' [3,3J 
Reduction / 
E+ / 
Scheme 112. 
Diastereocontrolled acyclic anionic oxy-Cope rearrangement has been used by Nakai99 to 
prepare the key precursor to (+)-faranal, a trail pheromone of the Pharaoh ant, as 
demonstrated in Scheme 113. 
107 
o 
I 
Me 
n-BuLi 
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H2, P-2Ni 
, 
Steps 
1 KH, 18-C-6, r.t. 
e.e. = 91% 
Scheme 113. Synthesis of (+)-Faranal by Nakai99 
By careful selection of appropriate diene geometry and stereochemistry we too could use 
our amino-Cope rearrangement methodology to synthesis the key precursor to (+)-faranal, 
as highlighted in Scheme 114. The two contiguous asymmetric centres present in (+)-
faranal can be established with the appropriate stereochemistry during the [3,3] 
sigmatropic rearrangement. 
0 0 
H 
M';) I R/NO 1) n-BuLi Steps [3,3] ._----- ... • h 2) H30+ Me 
Me Me 
Scheme 114. 
The synthetic potential of this methodology is exemplified by its potential to create 
products with many chiral centres in a one pot reaction, this could potentially lead to 
products with high level of asymmetric induction, making the anionic amino-Cope 
rearrangement a very powerful tool in synthetic chemistry. 
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Chapter 3 
Results and Discussion 
• 
Investigating the Mechanism of the Amino-
Cope Rearrangement 
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3.1. Introductiou 
The mechanism of the anionic amino-Cope rearrangement is not fully understood. 
Controversy exists as to whether the rearrangement proceeds via a concerted [3,3) 
sigmatropic rearrangement or a stepwise mechanism and if the mechanistic pathway can 
be controlled. 
Recently, Meyers and Houk143 published an experimental and an ab initio study showing 
that the 3-amino-I,5-hexadienes have a potential for fragmentation under anionic 
conditions. On the other hand, Macdonald reported anionic amino-Cope rearrangement 
of cyclic and acyclic dienes that appears to proceed via a concerted [3,3) sigmatropic 
rearrangement. 91 In addition, the Allin research group has reported 102. 9S numerous 
examples of highly stereoselective, anionic amino-Cope rearrangements that would 
suggest that a concerted mechanism is operating involving a [3,3) sigmatropic 
rearrangement. 
The work detailed in this section concerns our investigation of the mechanism of the 
amino-Cope rearrangement. 
3.2. Amino-Cope Rearrangement Mechanism 
Meyers and Houk143 investigated the mechanism of the amino-Cope rearrangement by 
considering the ambiguous nature of the anionic amino-Cope rearrangement and 
comparing it with those of the oxy-Cope rearrangement, which is widely considered to be 
concerted. 119 
Meyers and Houk143 prepared N-allyl N-substituted ammes 297-301, Figure 22 
containing a chiral auxiliary. They found that under anionic amino-Cope conditions, 
amide anions gave no rearranged products, but only dissociated and/or recombined 
addition products were observed, or unreacted starting materials were retrieved. In one 
instance, they observed replacement of the allyl substituent by a butyl group when using 
n-BuLi as a base. The results of their attempted amino-Cope rearrangements are given in 
Table 15. 
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297 298 
299 
Eh Eh 
, OH 
HN/'....../ 
c() 
, OH 
HN/'....../ 
c() 
300 301 
Figure 22. Diene System Synthesised by Meyers and Houk143 
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Amine Condition Results 
KHltoluene, reflux overnight no reaction 
297 
Me! quench, KHIDMF, r.t., H30+ de-allylated imine 
KH/toluene, r.t., overnight no reaction 
298 
n-BuLiITHF, _78°C to 0 °c butyl addition product" 
KHltoluene, r.t. to reflux no reaction 
299 
n-BuLi/THF -78°C to r.t. de-allylated imine 
300 
KH/toluene, r.t. to reflux no reaction 
n-BuLi/THF, -78°C to r.t. decomposition 
301 
KHltoluene, r.t. to reflux no reaction 
n-BuLi/THF, -78°C to r.t. no reaction 
• 
.. 
-
IJ, additIon of n-BuLI to the C N bond of 298 as detemuned by H NMR and C NMR 
Table 15. Attempted Anionic Amino-Cope Rearrangement by Meyers and Houk143 
After comparing the bond dissociation energies of the anionic amino-Cope rearrangement 
with those of the anionic oxy-Cope rearrangement, Meyers and Houk143 proposed that, 
unlike the concerted oxy-Cope pathway Figure 23 the amino-Cope mechanism was in 
fact stepwise Figure 24, proceeding via de-allylation and subsequent conjugate addition 
at the double bond tenninus. Figure 23 shows the stationary points found in the anionic 
oxy-Cope rearrangement. This reaction proceeds via a concerted pathway, with an 
activation energy of 9.9 kcallmol of energy and the overall reaction is exothennic 
generating 19.1 kcallmol of energy. An intrinsic reaction co-ordinate calculation 
indicates no intennediates with the transition structure occurring quite early and is 
dissociative. 
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0.0 
-0 
~ -19.1 (-18.3) 
Figure 23. Euergies aud Structures of Statiouary Poiuts for the Reactiou of 3-
Hydroxy-I,5-hexadieue at the Becke3LYP/6-31+G* level iu kcaVmol (euergies at 
MP2I6-31+G* level are giveu iu pareutheses) 
In contrast, the anionic amino-Cope substrate has an unexpected different energy surface, 
and proceeds via a stepwise mechanism. The initial barrier to the reaction is 7.4 kcal/mol 
of energy and leads to intermediate 302 a complex of allyl anion and acrolein imine. The 
ion complex 302 then recombines to form the rearrangement product in an exothermic 
reaction, liberating 21.1 kcaVmol of energy. 
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0.0 
-NH 
~ 
-NH , 
" 
HN~ 
, 
, 
~ 
-0.2 -1.5 
(7.3) (7.5) 
~N 
~ 
302 
-21.1 
(-20.4) 
Figure 24. Energies and Structures of Stationary Points for the Reaction of 3-
Amino-l,S-hexadiene at the Becke3LYP/6-31+G* level in kcallmol (energies at 
MP2/6-31+G* level are given in parentheses) 
The above results indicate that the anionic oxy-Cope rearrangement follows a concerted 
mechanism, whilst the anionic amino-Cope rearrangement follows a stepwise mechanism. 
Furthennore, the anionic oxy-Cope substrate is expected to proceed to the rearranged 
product by [3,3] rearrangement in both the solution phase and gas phase. \44 Calculation 
for the gas phase by Meyers and Houk\43 suggested that the anionic amino-Cope 
substrate would probably proceed to the rearranged product, but via a stepwise pathway 
involving an amino-molecule complex intennediate. However, in solution, the 
intennediate 302 in the amino-Cope rearrangement would be substantially stabilised and 
dissociated, since 302 is an allyl anion weakly bonded to acrolein imine. Therefore, the 
intrinsic stepwise pathway of the anionic amino-Cope substrate leads to dissociation 
rather than rearrangement in solution. These results further reiterate that the anionic 
amino-Cope rearrangement has a tendency to generate dissociated products. 144. \45 In 
addition, Meyers and Houkl43 explained that the amino substrates which do rearrange are 
bicyclic and postulated that the rearrangement occurs because the substrate cannot 
dissociate due to geometric restraints9\ and hence, recombine after the first step. 
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Following from the calculations on the homolytic and heterolytic bond dissociation 
energies of 1,5-hexadiene substrates, Meyers and Houkl43 concluded that the anionic 
amino-Cope substrate reacts via a stepwise heterolytic cleavage pathway. This 
establishes a new paradigm: homolytic and heterolytic cleavage of simple molecules can 
be used to predict whether a substrate will undergo concerted reaction or heterolytic 
cleavage. 
Haeffner et al. I09 extended this paradigm and postulated that since the 
homolyticiheterolytic bond dissociation energy model is related to proton affinity, the 
proton affinity of the anionic reactants of [3,3]-sigmatropic rearrangement would be 
related to the energetically preferred mechanistic pathway. They proposed that high 
proton affinities of the reactant translates to unstable ions and hence, heterolytic cleavage 
would be favoured. 
From their results, Haeffuer et al. 109 concluded that [3,3] pericyclic rearrangements are 
promoted by heteroatoms such as oxygen which are not highly basic and therefore 
relatively stable. On the other hand, heteroatoms such as nitrogen are considerably more 
basic with a proton affinity of 382 kcal/mol, both in gas and solution phase, therefore they 
promote cleavagelrecombination. 
Following Meyers and Houk's report,143 AlIin and ButtonlO4 prepared similar aromatic 
substrates 303-305, with the vinyl segment incorporated into the phenyl ring with a small 
diastereomeric excess of 5-8%. As expected the substrates did not undergo 
rearrangement under anionic conditions Scheme 115. Although no de-allylation or butyl 
addition product was observed, the diastereomeric ratio of the substrate had change from 
the starting product. This is surprising considering the observation of Meyers and 
Houk.143 The underlying reason why these substrates did not undergo rearrangement may 
be due to the inability of the starting materials to obtain a favourable conformation for 
rearrangement, or the stability caused by the substrates aromaticity which does not allow 
rearrangement to occur. 
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n-BuLi 
d.e. = 5% (S,S-303) d.e. = 52% (S,R-303) 
Phy~pOMe 
Me ~ 
n-BuLi 
Phy~~?' I OMe 
Me h 
d.e. = 8% (S,S-304) d.e. = 35% (S,R-304) 
n-BuLi 
• 
d.e. = 8% (S,S-305) d.e. = 43% (S,R-305) 
Scheme 115. Attempted Anionic Amino-Cope Rearrangementl04 
A further drawback to the proposed [3,3] concerted mechanism of the amino-Cope 
rearrangement was encountered by Allin and Baird 101 during the rearrangement of furan 
derived substrate 306 under both anionic and thennal conditions, Scheme 116. Only 
decomposition products were observed with no sign of rearrangement under any 
conditions. The results were in good agreement with the finding ofMeyers and Houk. 143 
~NHyO 
A~ 
306 
n-8uLi or ~ X r 
307 
Scheme 116. Attempted Amino-Cope Rearrangement of Furan Derived Substrate10l 
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However, when the furan ring was placed in conjugation with the diene system, the 
substrate underwent rearrangement under anionic conditions affording aldehyde 233 in 
73% yield with an enantiomeric excess of only 36%, Scheme 117. 
1) n-BuU, THF, _78°C to '" 
• 
° 2) Si02 
H • 
232 233 
Scheme 117. Rearrangement of 3-(2-Furyl)-acrolein Substrate 
The disappointing level of enantiomeric excess may be due to lack of discrimination 
between the two competing transition states or the rearrangement could proceed via a 
dissociative mechanism. If the latter is the case then the reduction in enantiomeric excess 
when compared to the phenyl-substituted substrate 225 may be due to scrambling of the 
chiral centre (Scheme 118) or dispersion of the perceived close ion-pair formed by this 
mechanism. 
Scheme 118, Scrambling of Stereochemistry During Dissociation 
The suggestion that the anionic amino-Cope rearrangement may proceed via a de-
allylation followed by conjugate addition of the liberated allyl fragment prompted our 
research group to investigate the addition of allyllithium to imine 228. 101 The addition 
was successful (Scheme 119) and liberated aldehyde 225 with an enantiomeric excess of 
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only 27% which was lower than that obtained after the anionic amino-Cope 
rearrangement of the substrate containing the same chiral auxiliary (94% e.e.), Scheme 
120. 
~Li( 
[1,2] addition 
OH 
yN~Ph 
Ph 228 
~L~ 
[1.4] addition 
[3,3] 
o Ph 
H~ 
225 
Scheme 119. Addition of Allylithium to Imine 
OH 
r~~Ph - .&-Ph ~ 
229 
o Ph 
H~ 
225 
e.e. = 94% 
OH 
n-BuLi 
• 
r~~Ph 
Ph V THF, -78°C 
Scheme 120. Anionic Amino-Cope Rearranged Aldehyde 225 
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The low level of enantiomeric excess could be due to the formation of the amino-diene in 
moderate diastereoselectivity, which then undergoes tandem amino-Cope rearrangement 
after deprotonation with ally11ithium. Conversely, the major product could be formed 
from I,4-addition to the imine with some stereoselectivity induced by the amino alcohol 
auxiliary. The latter process would suggest that if the amino-Cope rearrangement 
proceeds via a heterolytic pathway then the two species must form a close ion-pair that 
retains some of the stereochemistry of the parent substrate in order to achieve a high level 
of product enantiomeric excess. The involvement of such an ion-pair was also suggested 
by Macdonald. 146 
During the studies to evaluate the scope and limitations of the anionic amino-Cope 
rearrangement,91 Macdonald, stumbled across an unusual result where both the exo-
isomer 308 and the endo isomer 309 produced the same Cope rearrangement product 
under the same ionic conditions. On the other hand the corresponding hydroxy substrate 
did not undergo the anionic oxy-Cope rearrangement, this would suggest that a 
fragmentation-Michael addition might be occurring rather than the concerted sigmatropic 
process in the anionic amino-Cope rearrangement, Scbeme 121. 
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;;f~ y, 
CH2Ph 
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~ 
PhH2C''' 
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308 exo 
t-BuOK, n-BuLi 
• 
-50 QC, 1 hr 
1 H30· 
~o 
~ 
R 
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Scheme 121. Anionic Amino-Cope Rearrangement by Macdonald91 
In our quest to gain further insight into the mechanism of the amino-Cope rearrangement, 
we studied metal catalysed [3,3] sigmatropic rearrangement. 
3.3. Mercury (11) and Palladium (11) Catalysed [3,3]-Sigmatropic Rearrangements 
Metal salts of palladium and mercury are known to effectively catalyse a wide variety of 
[3,3J sigmatropic rearrangement ranging from CoO, CoN, CoS to C-C 0' bonds, including 
alJylic esters and Cope rearrangement. The catalysed transformation occurs under 
extremely mild conditions (neutral pH and near room temperature), 147 often with 
attendant increase in yields and regio- and stereo-selectivities which far exceed those of 
their thermal counterpart.148 Furthermore, mercury (ll) and palladium (1I) promoted 
rearrangement are not complicated by skeletal rearrangement,149 cyclisation or 
elimination process which often plague acid catalysed rearrangements. 150.152 
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3.3.1. Mercury (11) and Palladium (11) Catalysed Allylic Ester Rearrangements 
In 1976, Overman and CampbeUI52, 153 were the first to report mercury (ll) salt catalysed 
rearrangement ofaUylic ester, Later Eshenmoser et ai. 154 and Trost et ai.155 demonstrated 
the clean suprafacial chirality-transfer achieved when using mercury (ll) salts, Scheme 
122. 
H02CH3C OAc CH~~CH3 
H 
311 
Hg(OCOCF3l2 
• 
312 
Scheme 122. Mercury (11) Trifluoroacetate Catalysed Allylic Ester Rearrangements 
Overman and KnoU I56 showed that a variety of aUylic acetates could be conveniently 
equilibrated at room temperature in the presence of 4 mol% of PdClz (MeCN)2 leading to 
rate enhancementl52 of around 1013 to 1014. However, aUylic esters, which are substituted 
at the C-2 position of the aUyl group, do not undergo catalysed promoted rearrangement, 
Scheme 123. 
24 R=H, X=Me 
25 R=Me, X=Me 
26 R=Me, X=NMe2 
Yield = 93% 
= 0% 
= 0% 
Scheme 123. Allylic Esters with C-2 Substituent 
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3.3.2. Mercury (11) and Palladium (11) Catalysed Cope Rearrangements 
The first example of a palladium (II) mediated Cope rearrangement was reported by 
J onassen et al. 157 in 1966. They prepared the crystalline palladium (II) chloride complex 
of eis-1,2-divinyIcyclohexane 314 from the reaction of excess eis, trans-1,5-
cycIodecadiene 313 with bis (benzonitrile) palladium (II) chloride at room temperature, 
Scheme 124. 
KeN 
• 
313 
Scheme 124. Palladium (11) Mediated Cope rearrangement 
The rearrangement of a variety of substituted eis, trans-1,5-cyclodecadienes has been 
extensively studied by Heimbach and MoIin. 158• 159 These studies clearly demonstrated 
that stoichiometric amounts of palladium (II) chloride can promote the Cope 
rearrangement of strained cyclic 1,5-dienes. However, rearrangement did not occur with 
methyl substituents at C-1, C-2 or C-6 at room temperature. 
In 1980, Overman and Knoll l47 were the first to report the catalysis of Cope 
rearrangements using PdCh to produce the rearranged diene rather than the diene-PdCh 
complex, Scheme 125. The reaction proceeded at room temperature with high 
stereose1ectivity (dienes 316a and 316b were produced in a 93:7 ratio) and free of 
competing side reactions such as C-C double bond isomerisation. In contrast, thermal 
Cope rearrangement of diene 315 required elevated temperatures, longer reaction time 
(half-life, 13 hrs at 177 QC) and proceeded with much less stereoselectivity (diene 316a 
and 316b were produced in a kinetically controlled 3: 1 ratio). 
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CH3 CH3 ~ Ph'C 6% PdCI2(~hCNh Ph'6 + 25 QC, 24 hrs :::,... Ph 
Ratio 93 7 
315 316a 316b 
Scheme 125. Palladium (11) Catalysed Cope Rearrangement147 
To further explore the scope of the PdCh catalysed Cope rearrangement, a series of 
methyl-substituted 3-phenyl-I,5-dienes were used. The rearrangement occurred readily 
under mild conditions with high yield and purity and only traces of other products were 
detected. In addition, (E)-2,6-dimethyl-3-phenyl-l,S-hexadiene (317) was successfully 
rearranged to (E)- and (Z)-2,4-dimethyl-l-phenyl-I,5-hexadiene (318), demonstrating 
that a [3,3] sigmatropic shift is involved in the catalysed rearrangement, Scheme 126. 
0.1 eq. PdCI2(PhCNh 
THF, r.t. 
Scheme 126. Involvement of [3,3) Sigmatropic Shift in Palladium (ll) Catalysed 
Cope Rearrangement 
Overmanl6Q postulated that the palladium (H) chloride catalysed Cope rearrangement of 
acyclic dienes occurs via the same chair conformation as the thermal Cope 
rearrangement. The mechanism of the metal catalysed Cope rearrangement is not clear. 
It may be rationalised by a cyclisation-induced rearrangement as the catalysed 
transformation proceeds without scrambling of the allyl fragment (i.e. no competing 
[1,3]-shifts) and with clean suprafacial stereochemistry. In cyclisation-induced 
rearrangement, palladium CH) undergoes complexation with the least substituted double 
bond,156 followed by cyclisation to a cyc1ohexylcation161 if a donor substituent is present 
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at C-2. A substituent at C-5 should hinder this transfonnation by disfavouring initial 7t 
complexation, Scheme 127. 
Scheme 127. Cyclisation Induced Rearrangement 
There are several limitations for palladium (ll) catalysed Cope rearrangements of acyclic 
dienes. It is necessary for the 1,5-hexadiene to have one hydrogen and one non-hydrogen 
substituent at either the C-2 0; C-5 position.147 Another limitation involves the likes of 
substrates such as diene 319, which do not rearrange to the Cope product, but rather to 
cyclohexenes 320 and 321, Scheme 128.162 
+ 
Scheme 128. Failed Palladium (11) Catalysed Cope Rearrangement 
To date, there have been limited reports on metal catalysed [3,3]-sigmatropic 
rearrangements of 3-hetero-I,S-diene substrates. Although without success, the use of 
mercury (ll) trifluoroacetate to catalyse aliphatic Claisen rearrangement was attempted by 
Ovennan.154 The failure was attributed to irreversible binding of the catalyst to the 
strongly nucleophilic vinyl ether functionality. 
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3.3.2.1. Attempted Palladium (11) and Mercury (11) Catalysed Amino-Cope 
Rearrangements 
We hope to explore the scope of metal catalysed Cope rearrangement by including 
amino-Cope rearrangement and also to clarify if a [3,3]-sigmatropic rearrangement is 
occurring with our substrate. Using the same methodology as Overman,147 diene 229 was 
treated with a catalytic amount of PdCh(PhCN)2 in anhydrous toluene at ambient 
temperature under inert atmosphere. The progression of the reaction was monitored by 
TLC, but we observed no change even after 24 hours. We therefore decided to remove 
the solvent and analyse the product using proton NMR analysis. This showed only the 
presence ofthe starting material, Scheme 129. 
0.1 eq. PdCI2(PhCN)2 )( . 
THF, r.t. 
H 
l\N~Ph Ph .' OH ~ 
Scheme 129. Attempted Palladium (11) Catalysed Amino-Cope Rearrangement 
Gore et al. 163 have developed a 2-step mercury based method for effecting the oxy-Cope 
rearrangement of3° alcohols, Scheme 130. 
OH ~'" y Hg(OCOF3)2 NaBHt >y • , CH2CI2, 25°C 
322 323 
Scheme 130. Mercury (11) Catalysed Oxy-Cope Rearrangement 
125 
In this approach diene 322 was treated with mercury (II) trifluoroacetate in a 1:1 molar 
ratio at room temperature to yield the rearranged a-mercurated ketone, which was 
subsequently demercurated with NaBH4 furnishing rearranged diene 323. 
Following the same procedure as Gore et al. \63 diene 229 was treated with an equimolar 
amount of mercury (II) trifluoroacetate in anhydrous dichloromethane at room 
temperature and the progression of the reaction was followed by TLC. Unfortunately in 
our case no rearranged product was observed Scheme 131. 
H 
~\N_ ~ ,Ph Ph .' 'Y--""'------=~ OH'-....::?' 
229 
Hg(OCOF3h 
)( . 
CH2CI2, 25°C 
Pht:~yYPh 
OHY 
HgX 
NaBH4 1 
3MNaOH 
Scheme 131. Attempted Mercury (11) Catalysed Amiuo-Cope Rearrangement 
The failure of our reactions could be due to the lack of a non-hydrogen substituent at C-2 
or C-S in diene 229. The presence of a non-hydrogen substituent at one of these positions 
is vital for a successful [3,3]-sigmatropic rearrangement of acyclic 1,5-hexadiene 
substrates promoted by palladium (II) chloride, as highlighted by Overman. \47 
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3.4. Mechanistic Studies of the Anionic Amino-Cope Rearrangement 
The studies carried out by the AlIin research group to date are not able to verify the 
amino-Cope rearrangement mechanism because the allyl fragment is symmetric and 
would lead to the same rearrangement product by either de-allylationlre-allylation or 
through a concerted [3,3] mechanism, Scheme 132. 
[concerted Mechanism 
H 1 /NCR R n-BuLi 
..--;:; . 
I [Stepwise Mechanism I n-BuLi 
-
[ ,A~)'j 
I HsO' 
['~"?"l -
-
Scheme 132. Possible Mechanism for the Anionic Amino-Cope Rearrangement 
In order to gain more mechanistic information about the amino-Cope rearrangement, a 
diene substrate with a substituent on the allyl moiety, (R2 r"H) was required (Figure 25). 
This would act as a chemical marker and could help verify the reaction pathway, by its 
ultimate position in the rearrangement product. 
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Figure 25. 
As shown in Scheme 133 if the amino-Cope rearrangement followed a concerted [3,3]-
sigmatropic rearrangement we would observe exclusive formation of aldehyde 326. 
However, if a stepwise de-allylationlre-allylation mechanism was involved, the crotyl 
anion fragment 324 and 325 would recombine in a conjugate fashion leading to the 
formation of a mixture of aldehydes 326 and 327. 
!Stepwise Mechanism 
!!concerted Mechanism n-BuLi 
-
327 
-
326 
Scheme 133. Possible Products of Anionic Amino-Cope Rearrangement. 
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3.4.1. Synthesis of Substituted 3-Amino-l,S-hexadiene 
The Grignard methodology was used to prepare a 3-amino- I ,5-hexadiene substrate with a 
methyl marker at the terminal position. This methodology was chosen because our 
previous findings showed that addition occurs almost exclusively in a 1,2· fashion through 
a six-membered transition state. IO!· 104 hnine 228 was added to freshly prepared crotyl 
magnesium bromide under an inert atmosphere at 0 DC followed by reflux. This gave us a 
diastereomeric mixture of diene 328 with the methyl group positioned adjacent to the 
allyl double bond instead of terminally on the allyl alkene bond. We believe the outcome 
of the result may be due to crotyl addition occurring via mechanism 1 as highlighted in 
Scheme 134. 
----yN~Ph 
Ph._) " "-
HO 
228 
BrMg~ 
BrM~ 
~MgBr 
H 
Ph----yN~Ph 
Mechanism 1 
Mechanism 2 
.. _) = // 
HO ~CH3 
328b 
Scheme 134. Synthesis of Crotylated Diene 
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The diastereomeric mixture of diene 328 was found to have a ratio of 7:1, unfortunately 
we were unable to cleanly isolate the minor isomer. The major isomer 328a was isolated 
as a white solid in 50% yield by flash column chromatography. To determining the exact 
structural conformation of diene 328a we tried to grow crystals for X-ray analysis, 
however, this was unsuccessful. Our next attempt was to form an oxazolidinone of the 
diene using conditions described by Engman,164 (heating diene 328a under reflux in the 
presence of diethyl carbonate and NaH), hoping this would give us a reasonable crystal 
for X-ray studies. Unfortunately, all that was retrieved from the reaction was a 'tarry' 
product. NMR analysis of the product illustrated that the reaction was incomplete as 
shown in Scheme 135. To drive the reaction to completion, toluene was added (due to its 
high boiling point) and the reaction was heated under reflux for a further 48 hours. Once 
again we did not manage to obtain ring closure. 
(EtO)2CO 
• NaH, reflux 
Scheme 135. Attempted Formation of Oxazolidinone 
Since the structural conformation of diene 229 is known, we performed comparative 
dichroism studies on both dienes 229 and 328a as shown in Table 16. This revealed that 
the stereochemistry of diene 328a is essentially the same as diene 229. 
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Diene Nrn De E 
204.0 2.61 34929 
H 229.0 2.25 6726 yN~Ph Ph j 
HO ~ 263.0 -1.19 13777 
229 269.4 -1.16 8304 
210.6 2.99 27334 
H 229.4 1.84 6782 yN~Ph Ph j "" 
~-"" 263.2 -1.20 13344 HO H3C~ 
328a 269.2 -1.19 9113 
Table 16. Circular Dichroism Study 
To prepare diene 328a on a large scale we tried using the Barbier reaction as this was 
preferred over the normal Grignard reaction when preparing diene 229 on large scale. IOI 
Unfortunately in the preparation of diene 328a we experienced a disappointingly low 
yield and the reaction also produced traces of cinnamaldehyde. Hence, we reverted back 
to using our original Grignard procedure. 
3.4.1.1. Anionic Amino-Cope Rearrangement of 3-Amino-4-rnethyl-1,5-hexadiene 
Although we did not manage to synthesise diene 328b, diene 328a should allow us to 
detect the involvement of alternative reaction pathways during rearrangement. As shown 
in Scheme 136, a concerted [3,3J sigmatropic rearrangement of the substrate 328a would 
only lead to product 329a, with the methyl "marker" ultimately located at the terminal 
alkene position. However, if the rearrangement proceeded by a competing mechanism, 
such as dissociative pathway or a [1,3J-alkyl shift, the crotyl anion fragment (330a or 
330b) would recombine in a conjugated fashion, leading to the formation of both 
aldehydes 329a and 329b. 
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Scheme 136. Concerted or Stepwise Mechanism 
The rearrangement was carried out under our usual anionic conditions. Diene 328a was 
dissolved in anhydrous THF and the mixture was cooled to -78°C, followed by dropwise 
addition of n-BuLi (2.5 eq.) and the resulting solution was heated to reflux for I hour. 
The rearranged product appeared as an oxazolidine resulting from a ring closure of the 
hydroxy group onto the intermediate enamine/imine. Silica gel was used to hydrolyse the 
heterocycle yielding aldehydes 329a and 329b in a ratio of 2:1 (determined by crude IH 
NMR spectroscopy) respectively in 60% combined yield, Scheme 137. 
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o Ph 
~CH3 H 
329a 
+ H~ 
CH3 
329b 
Scheme 137. Anionic Amino-Cope Rearrangement of Diene 328a 
Aldehyde 329a was fonned as a 5:1 mixture of geometrical isomers, with the cis isomer 
predominating. Aldehyde 329b was fonned as an equal mixture of diastereoisomers. 
Aldehydes 329a and 329b were identified with the aid ofTOCSY and IH NMR spectra of 
an authentic sample of aldehyde 329a provided by Greeves.79, 103 The result suggests that 
it might be possible that both concerted and stepwise mechanisms are competing, Scheme 
136. It is also possible that the diene may have been forced to rearrange via the stepwise 
mechanistic pathway as a consequence of steric interactions between the amine group and 
the adjacent methyl substituent. 
Macdonaldl46 reported the rearrangement of 3-amino-I,5-hexadiene, which afforded both 
the [3,3] (Cope product) and the [1 ,3] (cross-over product) under anionic conditions. 
They noted that with some substrates the regioselectivity of the reaction was strongly 
influenced by solvent polarity, Scheme 138, Table 17. The 3-amino-I,5-hexadiene 
substrate studied contained either a 4-SPh or a 4-0Ph substituent. In the case of the 4-
SPh substrate, they also prepared a variety of N-substituents. The anionic rearrangement 
of 3-amino-I,5-hexadiene substrates with a 4-PhS substituent in non-polar solvent 
favoured the [3,3] rearranged product, whilst the [1,3] rearranged product was 
predominant in the polar solvent. The ratio of the cis/trans [3,3] products was also found 
to be under the influence of solvents. The non-polar solvents favoured the cis product 
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while the polar solvent favoured the trans product. Macdonaldl46 postulated that this was 
due to the fragmentation pathway favouring the fonnation of trans [3,3] product whilst a 
concerted mechanism favoured the fonnation of the cis [3,3] product. Addition of co-
ordinating additives such as HMPA or TMEDA resulted in a more facile reaction, 
particularly with a non-polar solvent. The co-ordinating additives also increased the 
solvent effect on the regioselectivity of the reactions, Le. TMEDA increased the 
selectivity for the [3,3] product while HMPA increased the selectivity for the [1,3] 
product in polar solvent. The N-substituent had little effect on the reaction, both polar 
and non-polar conditions yielded similar product ratios. In the case of the 4-0Ph dienes, 
Table 17, (entry 16-18), both [3,3] and [1,3] products were observed. The rearrangement 
occurred more readily at a higher temperature (25°C). In addition, the [3,3] pathway was 
predominant even when a polar solvent was used. 
H 
I 
RN~ 
PhY~ 
1) n-BuLi, solvent, R . 
additive. ~YPh + 
2) H30· H 
[3,3) 
H~ 
YPh 
[1,3) 
Scheme 138. Anionic Amino-Cope Rearrangement by Macdonald l46 
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Entry R Y Solvent Additive T('C) Time [3,3]:[1,3] Cis:Trans Yield' 
(min.) [3,3] (%) 
I i-Pr S THF -------- -78 10 1:2 1:5 54 
2 TMEDA -70 30 1:2 1:9 57 
3 HMPA -78 30 1:5 1:10 43b 
4 S toluene -------- -20 60 I: I 2:1 50 
5 TMEDA -78 30 8:1 3:1 49b 
6 HMPA -60 60 3:2 2:1 27 
7 S hexanes --------- -20 60 2:1 2:1 31 
8 TMEDA -78 30 10:1 4:1 37 
9 HMPA -60 60 4:1 3:1 43 
10 Me S THF TMEDA -78 15 1:3 1:3 69 
II I-Bu TMEDA -78 30 1:3 1:2 63 
12 CH2Ph TMEDA -78 15 1:2 2:3 73 
13 Me S toluene TMEDA -20 30 4:1 2:1 33 
14 I-Bu TMEDA -20 30 7:1 3:1 25 
15 CH2Ph TMEDA -20 30 2:1 I: 1 20 
16 i-Pr 0 THF TMEDA 25 45 3:1 1:2 20 
17 HMPA 25 45 2:1 I: 1 36 
18 0 toluene TMEDA 25 45 4:1 1:3 13 
, 
.' 0 no startmg matenal or other products, 610 YIeld of allyl phenylsulfide. 
Table 17. Anionic Amino-Cope Rearrangement by Macdonald146 
As shown in Table 17, the thiophenol substituted diene has a significant impact on the 
reactivity and a directing effect on the course of the reaction, allowing the regioselectivity 
of the reaction to be controlled by choice of solvent. However, the phenoxy substituted 
diene (entries 16-18) does not show the same degree of flexibility. 
To gain further mechanistic information on the rearrangement and to confirm that the 
[3,3] product was prepared by the concerted pathway and not by a competing stepwise 
mechanism, Macdonald146 performed a mixing experiment, Scheme 139. 
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H 
H 
i-prN~ 
TOI~ 
H 
+ 
H 
BnN~ 
PhS~ 
H 
1) n-BuLi. THF 
2) AcOH 
3) DIBAL-H 
H 
BnN~+ i-pr~ ~ + 
TOI~ 
BnN~ 
TOIS~ + i-prN~ ~ PhS~ PhS 
~~------- ~------~) y ,,'------~ ~-----) y 
non-mixed mixed 
non-mixed:mixed>5:1 
Scheme 139. Cross-over Experiment to Assess the Amino-Cope Mechanism 
Their results demonstrated that little or no mixing of the starting material substituents was 
found in the product, suggesting that either a concerted pathway was operating to form 
the [1,3] product, or that a very rapid fragmentation-recombination pathway was taking 
place. 
Prompted by this, we decided to apply aspects of Macdonald' s work to our diene 
substrate 328a to study the effects of polar and non-polar solvents on the rearrangement. 
The major isomer diene 328a was subjected to anionic amino-Cope rearrangement at -78 
°C (except in hexanes), followed by reflux for 1 hour in a range of different solvent 
conditions with or without additives, Scheme 140, Table 18. 
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OH 
lv~~Ph ). - ~ 
Ph H3C~ 
328a 
1) n-BuLi. 
solvent! additive 
o Ph 
H~CH3+ 
329a 329b 
Scheme 140. Anionic Amino-Cope Rearrangement using Different Solvents and 
Additives 
Entry 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Solvent Additives 329a: 329a 329b Yield 
(10 eq.) 329b Cis: Trans Erythro : Threo (%) 
toluene 1:2 1:1 1:2 55 
TMEDA 1:4 1:1 1:5 59 
sparteine 1:3 1.4:1 1:3 55 
DMPU 3:1 4:1 1:1 47 
hexanes 1:4 1 :1.5 1.5: 1 38 
TMEDA 1.4:1 1:1 1:2.8 41 
sparteine 1.8:1 1 :1.6 1:2 45 
DMPU 4:1 2.5:1 1:1 37 
ether 1.2:1 1 :1.2 1:1.4 62 
TMEDA 1.2:1 1.1:1 1:2.4 56 
sparteine 1.2:1 1 :1.6 1:3 49 
DMPU 5.7:1 5.4:1 1:1.2 45 
THF 2:1 5:1 1:1 60 
TMEDA 2:1 5:1 1:1.4 63 
sparteine 2.5:1 5.5:1 1:1.5 65 
DMPU 9.3:1 5.3:1 2.7:1 49 
Table 18. Effects of Solvent and Additives on tbe Anionic Amino-Cope 
Rearrangement 
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The rearrangement proceeded well under a range of conditions yielding inseparable 
aldehydes 329a and 329b. Aldehyde 329a could result from the rearrangement following 
a [3,3] mechanism, whereas aldehyde 329b must result from the rearrangement following 
a [1,3] or a dissociative pathway. The ratio of the aldehydes was measured using 1H 
NMR analysis of the crude reaction mixture and TOCSY analysis was used to identify 
each of the aldehydes. The results obtained are recorded in Table 18. 
The rearrangement proceeded well with hexanes yielding the product with high purity. It 
was interesting to note that in our case, polar solvents such as THF and diethyl ether 
favoured the [3,3] product, whilst non-polar solvents preferred the [1,3] product. 
Addition of co-ordinating additives such as TMEDA and sparteine to toluene increased 
the regioselectivity towards the [1,3] product. TMEDA and sparteine did not have much 
effect on the polar solvents. However DMPU had significant directing effects on both 
polar and non-polar solvents during the course of the reaction. The [3,3] product 
predominated with DMPU in both polar and non-polar solvents, and increased the 
selectivity of the cis isomer in polar solvent. The solvent of choice for the preparation of 
the [3,3] product for our diene was THF in DMPU, favouring the [3,3] product in the 
ratio of9:1. Hexanes or toluene in TMEDA favoured the [1,3] product in a 4:1 ratio. In 
contrast, Macdonald146 revealed that TMEDA in hexanes favoured the [3,3] product in the 
ratio of 10:1 and THF in HMPA favoured the [1,3] product in a 5:1 ratio. 
Our results show that the assumption made by Macdonald,146 suggesting that the 
fragmentation pathway is favoured by the polar solvent while the non-polar solvent 
favours a concerted pathway, may not apply to all classes of substituted 3-amino-l,5-
dienes. 
In order to attempt to clarify the difference between our results and Macdonalds,146 and to 
evaluate the effects of solvents on the regio- and diastereo-selectivity of the amino-Cope 
rearranged product, we extended our studies to the diene substrate 331. Previously, this 
substrate was used by Allin and Button165 which underwent anionic amino-Cope 
rearrangement in THF resulting in a 1: 1 mixture of aldehyde 329a and 329b, Scheme 
141, Table 19. 
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~OH 
HN~Ph 
=.r:;; H3C~ 
331 
1) n-BuLi, 
solvent/additive 
329a 329b 
Scheme 141. Anionic Amino-Cope Rearrangement of Die ne 331 
Entry Solvent 329a: 329b Yield (%) 
I THF 1:1 65 
2 hexanes 1:2 47 
3 toluene 1:3 53 
Table 19. Effects of Solvent on the Anionic Amino-Cope Rearrangement of Diene 
331 
Our results were in accord with our findings noted above, rearrangement in both hexanes 
and toluene showed a clear preference towards the [1,3] product, in a ratio of2:1 and 3:1 
respectively, 
The difference in our findings with respect to Macdonald146 may have arisen due to the 
variation in the amino-diene substrates. The charge on the sulfur atom as well as the 
steric hindrance of the PhS substituent in Macdonald's diene might have an influence on 
the pathway of the rearrangement. Computational studies by Haeffner et al.9o reported 
that substituents at position C-4 or C-6 of 3-oxido-I,5-hexadienes effects the rate and 
mechanism of the anionic oxy-Cope rearrangement, Scheme 142. A substitution of a 
methoxy group at either C-4 or C-6 position on a 3-oxido-I,5-hexadiene substrate, causes 
the bond length between C-3 and C-4 to increase and the bond length between C-I and 
C-6 to decrease. In addition, the activation energy is increased leading to a concerted 
transition state. On the other hand a thiomethoxy substituent at either C-4 or C-6 causes 
dramatic changes in the rearrangement. The activation energy is lowered with bond 
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length between C-3 and C-4 is reduced and bond length between C-I and C-6 is increased 
leading to a dissociative pathway, 
'O~ 
~R 
'0 
R::G 
[3,31 
[3,3J 
R = OCH3 , SCH3 
Scheme 142. SUbstitution Effect on Oxy-Cope Rearrangement 
Evans l66 also demonstrated that when 4-hydroxy-4-methyl-5-thiophenoxyhepta-2,6-diene 
was treated with Et20 and KH at 25°C, it underwent Cope rearrangement, but in the more 
polar solvent (THF), cleavage was predominant, Scheme 143, Hence, the results show 
that the l-thiomethoxyaIIyl anion is stabilised. 
Me 
HO~Me 
PhS~ 
332 
KH,25°C 
Et20, 6 hrs 
o 
MeWyMe 
PhS~ 
333 
Scheme 143. Oxy-Cope Rearrangement by Evans166 
Haeffner et aZ.90 postulated that the anion would be even more stabilised in polar solvents 
and hence cleavage would be favoured. However, in non-polar solvents the weakly 
solvated metal cations wiII bind more strongly to the oxy anion favouring the formation 
of the concerted rearrangement product rather than cleavage. These results are in 
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agreement with Macdonalds findings. 146 To prove that this was true with our type of 
substrate we decided to prepare 3-amino-I,5-hexadiene incorporating a PhS substituent. 
3.4.2. Synthesis of Thiophenyl Substituted 3-Amino-1,5-hexadiene 
Macdonald synthesised diene 337 via conjugate addition of metallated allylic sulfide to 
enones l66 followed by tosylation and displacement with the respective amine,146 Scheme 
144. 
o 
H~ + 
334 
PhS~ 
i1. sec-BuLi, THF 2. CdCI2 -65°C to 0 °c 
PhS~ 
335 
H 
RNH2 excess 
RN~ 
PhS~ 
NaH, TsCI, THF 
• 
337 
Scheme 144. Synthesis of a 4-Thiophenyl Substituted Diene by Macdonalds 
Methodl46, 166 
We decided to follow the same procedure as used by Macdonald,146, 166 initially preparing 
the allyl lithium reagent from allyl phenylsulfide via sec-BuLi metallation at _65°C, 
followed by treatment with zinc chloride for transmetallation and conjugate addition to 
imine 228, Scheme 145. 
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PhS~ 
335 
1. sec-BuLi, THF 
• 2. ZnCl2 
-65°C to 0 °c 
PhS~ 
t 
338 
Scheme 145. Attempted Synthesis of 4-ThiophenyJ Substituted 3-Amino-1,5-
hexadiene 
Unfortunately, all that was recovered was the starting material, so we decided to repeat 
the experiment by substituting cadmium chloride for zinc chloride, but this made no 
difference. Finally, we decided to omit the use of metal chlorides and used n-BuLi 
instead of sec-BuLi, Scheme 146. To our disappointment, again only starting material 
was recovered. The experiment was repeated several times under an inert atmosphere, 
ensuring all reagents and glassware was thoroughly dry, the reaction time for the 
generation of allyl phenylsulfide anion was increased from 10 minutes to 2 hours and 
after the addition of imine the reaction was stirred for periods of between 2 hours and 
overnight. However, in all cases the reaction was unsuccessful. 
~N~Ph 
Ph .. ) " " 
HO 
228 
1.PhS~ 
2. n-BuO, THF 
-65°C to 0 °c 
J~yYPh 
Ph
HO 
PhS~ 
338 
Scheme 146. Attempted Synthesis of 4-ThiophenyJ Substituted 3-Amino-1,5-
hexadiene 
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We assumed that the failure of the reactions could be due to the less reactive nature of the 
imine in comparison to aldehydes and ketones. We therefore decided to react the 
metallated allylic sulphide reagent with trans-cinnamaldehyde to produce the alcohol, 
then tosylate the alcohol, followed by displacement with amine (L-phenylalaninol) as 
demonstrated by Macdonald. 146, 166 To our disappointment this route was unsuccessful, 
yielding only the starting material, Scheme 147. 
PhS~ 
335 
1. sec-8uLi, THF 
• 2. ZnCI2 
_65°C to OoC 
H 
PhJN~Ph 
HO Ph~ 
338 
PhS~ 
1) NaH, TsCl, THF 
2) L-phenylalaninol 
Scheme 147. 
+ Ph~O 
222 
HO~Ph 
PhS~ 
339 
The results were surprising and we were concerned about whether or not we were actually 
generating the allyl phenylsulfide anion. In order to further investigate this discrepancy 
we used the same reaction conditions as we had used previously to generate the anion, 
followed by addition of a simple aldehyde (benzaldehyde), Scheme 148. The reaction 
resulted in only re-isolation of the starting materials. This confirmed that we were not 
generating the allyl phenyl sulfide anion. 
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0 1.PhS~ OH ~H c(rSPh X 2. sec-Buli, THF I ~ 0 3. ZnCI2 
340 -65°C toO °c 341 
Scheme 148. Attempt to Confirm the Generation of the Allyl Phenylsulfide Anion 
However, when the experiment was repeated with the substrates Macdonald used, the 
reaction was successful. Addition of metallated allylic sulphide to acrolein afforded a 
mixture of dienols 336a and 336b in 53% and 19% yield respectively, Scheme 149. 
o 
H~ + 
334 
PhS~ 
r 
1. sec-Buli, THF 
2. CdCI2 
-65°C to 0 °c 
PhS~ 
335 
HO~ 
PhS~ 
336b 
+HO~ 
~SPh 
336b 
Scheme 149. Preparation of a Macdonald type Substrate 
We continued to pursue our search for a method for generating the allyl phenylsulfide 
anion. A communication by Yamamoto177 reported a stereoselective synthesis of olefinic 
p-hydroxy suI fides from the reaction of carbonyl compounds with 
[(alkylthio )al1ylJtitanium reagents. 
In order to use the same methodology to generate diene 338 from imine 228, we first 
needed to confirm that the methodology worked, therefore, we followed the synthesis for 
one ofYamamoto's substrates.177 
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Metalation of allyl phenylsulfide was initially perfonned by deprotonating allyl 
phenylsulfide (1.2 eq.) with n-BuLi at -78 QC, followed by metal exchange usmg 
Ti(Oipr)4. Condensation of the resulting titanium derivative with 
cyclohexanecarbaldehyde (1.0 eq.) afforded a-sulfide 342a in favour of the erythro 
product (20: 1 ratio) in quantitative yield, Scheme 150. The results were similar to 
Yamamoto's findings. However, we also observed the fonnation of the y-sulfide 342b. 
PhS~ 
335 
n-BuLi .. 
THF. -78 QC PhS~ 
~+ U ~Ph' 
10 
342a 
OH 
~ SPh 
342b 
Scheme 150. Stereos elective Synthesis Olefinic I3-Hydroxy Sulfides 
Following the success of this reaction, we decided to use the procedure to prepare diene 
338, in which imine 228 (1.0 eq.) was added at -78 QC to 1.2 equivalent of 
[(alkylthio)allyIJtitanium reagent followed by stirring at 0 QC. However, under the 
reaction conditions employed our imine precipitated from solution. To overcome this 
problem, a larger dilution of solvent was used and the reaction was stirred at room 
temperature for an hour instead of at 0 QC, Scheme 151. 
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~ ~N" ~ ,Ph 1. PhS Ph --vr --vr • 2. n-BuLi, THF HO 3. Ti(Oipr}4 ~~ Ph ~~CPh Ph ._)_ "'.:::: Ph .. _) "-HO PhSC + HO ~ SPh 
228 -78°C to r.t. 338a 338b 
Scheme 151. Synthesis of Thiophenyl Substituted Diene 
The synthesis was successful, affording diene 338a and 338b in the ratio of 5:1 
respectively with a disappointing combined yield of 30%. We also recovered the 
breakdown product - cinnamaldehyde. 
We were happy to note that during the preparation of diene 338a we did not observe any 
side products. However, the disappointment in yield might be contributed due to the 
presence of the hydroxy group which causes a chelation of the alkoxide and the imine 
nitrogen to the metal atom of [(alkylthio )allyl]titanium reagent, as was the case with the 
Grignard addition. This problem can be avoided in two ways:- either protect the hydroxy 
group or use a double equivalent of the [(alkylthio)allyl]titanium reagent (i.e. one 
equivalent to undergo chelation with the hydroxy group and the other to attack at the 
carbon nitrogen double bond). The latter suggestion was more practical, avoiding further 
reaction steps for protectionldeprotection of the hydroxy group. 
The reaction was repeated using 2.4 equivalent of [(alkylthio)allylltitanium reagent to I 
equivalent of imine 228. The reaction proceeded well with an increase in yield from 
30% to 60%. With more product in hand it was easier to isolate each of the isomers using 
column chromatography. In order to find the exact relative and absolute stereochemistry 
of dienes 338a and 338b we attempted to grow crystals for X-ray studies but this was 
unsuccessful. 
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3.4.2.1. Anionic Amino-Cope Rearrangement of Thiophenyl-Suhstituted 3-Amino-
1,S-hexadienes 
Our standard methodology for anionic amino-Cope rearrangement was applied on dienes 
338a and 338b. The rearrangement was performed under control conditions (THF alone 
with no additives), our optimum conditions for the [3,3] product (THF and DMPD) and 
Macdonalds best conditions for the [3,3] product (hexane and TMEDA).146 To our 
disappointment all ofthe rearrangements were unsuccessful and crude lH NMR spectrum 
showed decomposition. 
Work by Evansl66 have shown that dienes with sulphur derived substituents undergo 
rearrangement at milder conditions. Bearing this in mind, we optimised the reaction 
conditions for dienes 338a and 338b and found that addition of n-BuLi at -78 DC followed 
by stirring at room temperature for 2 hours lead to completion of the reaction. Hydrolysis 
of the oxazolidine on silica was performed as before, yielding a mixture of aldehydes 
generated formally by both a [3,3] or [1,3] pathway. The aldehydes were separated via 
column chromatography and identified using NMR studies. Table 20 shows the outcome 
of the anionic rearrangement of diene 338a with the thiophenyl substituent at C-4 
including the ratio of[3,3] to [1,3] products determined by lH NMR analysis of the crude 
product. 
J~CPh Ph --..:::::: 1) (i) or (H) or/Hi) HO PhS // 2) H30 + 
338a 
o Ph 
H~SPh 
[3,3) 
343a 
o Ph 
+H~ 
SPh 
[1,3) 
343b 
(i) n-Buli, THF (ii) n-Buli, THF, DMPU and (iii) n-8uli, hexanes, TMEDA 
Scheme 152. Anionic Amino-Cope Rearrangement of 4-Thiophenyl-3-amino-l,S-
hexadiene 
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Entry Substrate Solvent Additives [3,3] : Cis: Trans Yield 
[1,3] (%) 
1 338a THF ------ 2:1 1:2.3 53 
2 338a THF DMPU ----- ----- .. ----
3 338a hexanes TMEDA 4:1 1:1.3 45 
Table 20. Anionic Amino-Cope Rearrangement of 4-Thiophenyl-3-amino-l,S-
hexadiene 
The outcome of our rearrangement is in agreement with work by Macdonald146 and 
others.90,166 The rearrangement of diene 338a in a non-polar solvent (Table 20, entry 3) 
favours the formation of the [3,3] product to a greater extent than in polar solvent (Table 
20, entry 1). However, the preference towards the [3,3] product in the non-polar solvent 
(ratio of 4:1) is not as prominent as in the case with Macdonald's substrate (10:1 in 
favour). 146 We hoped that the rearrangement in polar solvent with DMPU would 
predominately lead to the formation of [1,3] product, but to our surprise the 
rearrangement was unsuccessfuL 
According to Haeffner et al.88•9o the effects of the thiomethoxy substituent at either C-4 or 
C-6 of 3-oxido-l,5-diene during the anionic oxy-Cope rearrangement was essentially the 
same, i.e. both substrates preferred the dissociative pathway. The product ratio between 
the [3,3] product and the [1,3] product observed for the anionic amino-Cope 
rearrangement of diene 338a with the thiophenyl substituent at C4 and diene 338b with 
the thiophenyl substituent at C-6 was very different, although, they both followed the 
same pattern. As shown in Table 20, diene 338a predominately favoured the [3,3] 
product in both polar and non-polar solvent, however, the ratio of the [3,3] product 
increased in non-polar solvent from [2:1] to [4:1]. On the other hand diene 338b 
rearranged to give predominately the [1,3] product in polar solvent. Addition of the 
chelating additive DMPU to THF encouraged the reaction further towards the [1,3] 
product. However, in non-polar solvent the ratio of [1,3] product reduced, offering both 
the [3,3] and [1,3] product in equal ratio, Table 21. 
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I 
, 
H 
Ph~NC:Ph 1) (i) Or+(ii) or,(iii) 
.. _) /./ 2) H30 
o Ph 
H~+ o Ph ~SPh H 
HO SPh 
338b 
SPh 
[3.3] 
343b 
[1,3] 
343a 
(i) n-BuLi. THF (ii) n-8uLi. THF. DMPU and (iii) n-BuLi. hexanes. TMEDA 
Scheme 153. Anionic Amino-Cope Rearrangement of 6-Thiophenyl-3-amino-l,5-
hexadiene 
Entry Substrate Solvent Additives [3,3] : Cis: Trans Yield 
[1,3] (%) 
I 338b THF 1: 2.5 1.3:1 49 
2 338b THF DMPU 1:3 1:2 51 
3 338b hexanes TMEDA 1:1 1:1 32 
Table 21. Anionic Amino-Cope Rearrangement of6-Thiophenyl-3-amino-l,5-
hexadiene 
Our results, which are supported by others,167 clearly demonstrate that the pathway 
chosen by both the anionic amino-Cope and oxy-Cope rearrangement is strongly 
influenced by many factors including the type and position of substituents as well as the 
conditions under which the rearrangement is performed. Our findings have encouraged 
us to further explore the mechanism of the asymmetric amino-Cope rearrangement. We 
aimed to do this by expanding the range of substrates for rearrangement by looking at less 
sterically demanding dienes. 
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3.4.3. Anionic Amino-Cope Rearrangement of Less StericaIIy Demanding Dienes 
The obvious choice was to use an imine derived from crotonaldehyde. We aimed to 
prepare imine 346 in the same manner as imine 228. However, we encountered problems 
isolating the imine, as the condition of imine 346 started deteriorating as soon as it was 
isolated and within 2 hours turned into a brown slurry. We believe this could be due to 
the absence of stability imparted by the aromatic conjugation in the preceding example. 
To overcome this setback we followed the same procedure for the synthesis as before i.e. 
equimolar amounts of crotonaldehyde and L-phenylalaninol was stirred in 
dichloromethane for 10 minutes at room temperature, followed by addition of anhydrous 
magnesium sulphate to remove the water generated, Scheme 154. After the completion 
of the reaction, magnesium sulphate was removed by filtration and solvent immediately 
removed under reduced pressure. The imine was kept under dry, inert conditions and 
used immediately, without further purification, for the preparation of the dienes in the 
next reaction. The deterioration of the imine 346 could be monitored by the change in its 
appearance, going from an almost colourless oil to a brown sticky slurry. 
227 345 
Ph~N~Me 
Ha 
346 
Scheme 154. Synthesis ofImine 346 
Imine 346 was used to prepare methyl and thiophenyl substituted diene substrates for the 
amino-Cope rearrangement, using the same procedure, as done previously for dienes 
328a, 338a and 338b. 
4-methylsubstituted diene 347 was furnished in 30% yield via Grignard addition of crotyl 
magnesium bromide to imine 346, Scheme 155. The low yield may be due to 
decomposition of diene 346 to crotonaldehyde during purification on silica. Fonnation of 
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----_ .. 
other side products was also observed in the crude IH NMR spectra but we were unable to 
isolate them. 
~MgBr ~N~Me 
Ph_) '" ~ 
HO 
H 
Ph~N~Me 
.. _).. ~ + other products 
HO H3C 
346 347 
Scheme 155. Preparation of 4-MethyI-3-amino-l,5-hexadiene 
The thiophenyl substituted diene was afforded as a mixture of 4-thiophenyl (348a) and 6-
thiophenyl (348b) substituted diene in the ratio of 5:1 respectively with a combined yield 
of 48%, Scheme 156. However after purification we did not isolate enough of diene 
348b to investigate rearrangement. 
~ H H Ph~N~Me1.PhS • Ph~NyYMe Ph~N~Me 
._) 2. n-BuLi. THF .. _)_ ~ + .. _) ~ 
HO 3. Ti(O'Pr)4 HO PhS HO SPh 
- ~~~~ 5 1 
348a 348b 
Scheme 156. Preparation of 4-ThiophenyI-3-amino-l,5-hexadiene 
As before, the diene substrates were subjected to anionic amino-Cope rearrangement in 
the presence of different solvents and additives. 
We optimised the reaction conditions and found that, for the rearrangement of diene 347, 
n-BuLi was added at -78 °C (except in the case of hexanes were the reaction was cooled 
to -20°C, as below this temperature it will begin to precipitate) to the diene and stirred for 
30 minutes, followed by reflux for 2 hours. For the successful rearrangement of diene 
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348a, n-BuLi was added to the reaction at -78 QC and stirred for 1 hour, before being 
refluxed for 1.5 hours. In all cases the dienes rearranged to give products resulting from 
both [3,3) and [1,3) pathways. The results are presented in Table 22. 
H o Me Ph~NCMe 1){i)or{ii)or{iii) 
+ • 
h- 2) H30 
HO X 
o Me 
H~X +H~ 
X=Me 347 
X=SPh 348a 
[3,3] 
349a 
350a 
(i) n-BuLi, THF (ii) n-BuLi, THF, DMPU and (iii) n-BuLi. hexanes. TMEDA 
[1,3] 
349b 
350b 
X 
Scheme 157. Anionic Amino-Cope Rearrangement of Dienes 347 and 348a 
Entry Substrate Solvent Additives [3,3) : [1,3) Cis: Trans Yield 
(%) 
1 347 THF ----- undetermined 1:1.5 25 
2 THF DMPU ------ ----- -----
3 hexanes TMEDA 6.3:1 3:2 11 
4 348a THF ----- 1:1 1:3 22 
5 THF DMPU 1.6:1 1:2 26 
6 hexanes TMEDA 1:1.5 1:2 17 
Table 22. Anionic Amino-Cope Rearrangement ofDienes 347 and 348a 
The crude IH NMR analysis of the anionic rearrangement of die ne 347 in THF alone was 
very messy and hence it was difficult to measure the ratio of the [3,3) product to [1,3) 
product. However, a clear preference towards the [3,3) product was observed. In 
addition the rearrangement also favoured the [3,3) product in non-polar solvent. 
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Unfortunately, rearrangement III polar solvent with an additive present led to 
decomposition. 
In contrast, the rearrangement of diene 348a showed no obvious preference towards the 
[3,3] or [1,3] competing pathways. Rearrangement in non-polar solvent and TMEDA 
showed a slight preference towards the [1,3] product and rearrangement in polar solvent 
with DMPU showed a slight preference towards the [3,3] product. 
It was interesting to note that diene 328a showed preference towards the [3,3] product in 
polar solvent, but in non-polar solvent towards the [1,3] product. However, when the 1-
phenyl group in diene 328a is substituted with a methyl group and hence the loss of 
aromatic stability as in diene 347, the rearrangement predominately favours the [3,3] 
product in both polar and non-polar solvent. On the other hand rearrangement of 1-
methyl-4-thiophenyl substituted diene 348a shows very little preference towards either 
pathway. When the methyl group was replaced with a phenyl group, as in diene 338a, the 
rearrangement shows an increased preference towards the [3,3] product in non-polar 
solvent with TMEDA. The results are summerised in Table 23. 
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Substrate Solvent Product Preference 
H Polar Favours [3,3] JN~Ph Ph . '" 
HO H3C~ 
Non-polar Favours [1,3] 
328a 
H Polar Favours [3,3] 
PhJ);/Me 
HO H3C Non-polar Favours [3,3] 
347 
J~~Me Polar Slight preference towards [3,3] 
Ph HO PhS ~ 
Non-polar Slight preference towards [1,3] 
348a 
H Polar Favours [1,3] JN~Ph 
Ph HO PhS ~ 
Non-polar Favours [3,3] 
338a 
Table 23. Summary Table Showing Effects of Solvents During Rearrangemet of 
Different Dienes 
The low yield of aldehyde 349 and 350 was accounted for by the lack of stabilisation 
previously imparted by aromatic conjugation. This made the molecule unstable and 
difficult to purify and handle. 
At the same time Allin and Pita168 studied the effects of different substituents at position 
C-I in 3-amino-I,5-hexadiene substrate 351, Figure 26. From their findings it was 
postulated that bulkier substituents at C-I enhance the enantiomeric excess in the 
corresponding aldehyde and furthermore added that a higher degree of enantiomeric 
excess is achieved when the rearrangement is performed in polar solvents. 
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H 
Ph~N~X 
_) - h 
HO ~
351 
Figure 26. 
3.5. Thermal Amino-Cope Rearrangement 
Early work reported on the amino-Cope rearrangement was carried out under thermal 
conditions96, 105 and this is widely considered to follow a concerted mechanism.169 The 
experimental conditions used for the rearrangements included heating the substrates in 
high boiling solvents over a period of time, heating neat samples in sealed ampoules and 
other more complex methods involving specially prepared apparatus.48, 94. The AIIin 
research group has reported successful thermal amino-Cope rearrangement for the 
conversion of amines to enamines. 104 This was achieved by placing the amine substrate 
in a special temperature resistant glass tube and heating the sample in an oven under inert 
atmosphere. The resulting enamine was formed exclusively as a single geometrical 
isomer in favour ofthe thermodynamic product, the trans-enamine, Scheme 158. 
352 
250 QC 
• 
15 mins 
(>95%) 
353 
Scheme 158. Thermal Amino-Cope Rearrangement 
The anionic amino-Cope rearrangement of diene 229 delivered the corresponding 
aldehyde 225 with an enantiomeric excess of up to 94%, Scheme 159. 
155 
OH 
1~~Ph - ~ Ph ~
229 
n-BuLi , 
THF, -78°C 
SiC:! 
JLL 
H (RI "" 
225 
e.e. =94% 
Scheme 159. Anionic Amino-Cope Rearrangement 
The exceptionally high level of enantiomeric excess would suggest that the 
rearrangement proceeded via a concerted mechanism. To verify our result we hope to 
syntheses aldehyde 225 from diene 229 under thermal conditions. 
Diene 229 was heated in a high boiling point solvent, Dowtherm A, at 220°C for 4 hours, 
progression of the reaction was monitored by TLC. Sadly analysis of the crude product 
was hampered by the presence of excess Dowtherm A. The product was purified via 
flash column chromatography. The silica on the column had the effect of hydrolysing the 
enamine to the corresponding aldehyde 225 in 63% yield, Scheme 160. Derivatisation of 
the aldehyde with (-)-ephedrine revealed an enantiomeric excess of only 15%. 
OH 
1~~Ph - ~ Ph ~ Dowtherm A • o Ph H~ 
229 225 
e.e. = 15% 
Scheme 160. Thermal Amino-Cope Rearrangement 
We were astounded by the low level of enantiomeric excess and reasoned that the harsh 
conditions might have caused rapid fluctuation of the transition state conformations 
during the cyclic transition state, hence lowering the enantiomeric excess. On the other 
hand, work by the Allin research group 101 has shown that the high level of enantiomeric 
excess observed in the anionic amino-Cope rearrangement is due to the diene forming a 
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5-membered chelate (Figure 27) which encourages the rearrangement to proceed with a 
high degree of stereocontrol. As this is not possible under purely thennal conditions we 
see a reduction in enantiomeric excess. 
0- L' ~~-(S) 
R \ - -I 
PH H 
Figure 27. Proposed 5-Membered Chelate 
We cannot rule out the reduction in enantiomeric excess being due to the rearrangement 
proceeding via an allyl radical pathway. This would cause fragmentation of the diene to 
an acrolein and allyl molecule, which would then recombine, causing the loss of 
enantiomeric excess due to scrambling of the chiral centre, Scheme 161. Another 
suggestion for the reduction in enantiomeric excess would be that the rearrangement may 
proceed through a [1,3) pathway. 
OH 
r~yYPh - ~ Ph ~ Stepwise 
229 225 
Scheme 161. Rearrangement via an Allyl Radical Pathway 
After the disappointing level of enantiomeric excess obtained from the rearrangement of 
diene 229 under thennal conditions, we decided to rearrange diene 328a under the same 
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condition, to confinn that a concerted mechanism was involved by exclusive fonnation of 
[3,3] rearranged product. 
Diene 328a was heated for 4 hours at 220°C in Dowthenn A and liberation and 
purification on silica gave exclusively the [3,3] product as a diastereoisomeric mixture of 
cis and trans isomers in a 1:1 ratio, Scheme 162. Our results verified that the thennal 
amino-Cope rearrangement proceeds via a concerted [3,3]-sigmatropic pathway. On the 
other hand, as shown in Section 3.4.1.1. of this chapter, the anionic rearrangement of 
diene 328a gave a mixture of both [3,3] and [1,3] product. 
01,H H N~Ph ° Ph ° Ph 
, Dowtherm A + ~ 220oC.4'hrs H~CH3 HA 1.. ~ Ph H3C - ....., '-./ "I 
328a 329a 
CH3 
329b 
Yield =60% 
Scheme 162. Thermal Amino-Cope Rearrangement of Diene 328a 
We applied the thennal amino-Cope rearrangement conditions to all of the diene 
substrates we had prepared and the results are presented in Table 24. 
°rH H N ~ X Dowtherm A C 220°C, 4' hrs 
Ph Y Z 
328a X=Ph, Y=Me, Z=H 
338a X=Ph,Y=PhS,Z=H 
338b X=Ph, Y=H,Z=SPh 
347 X=Me, Y=Me, Z=H 
348a X=Me, Y=PhS, Z=H 
Scheme 163. Thermal Amino-Cope Rearrangement 
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Entry Diene Temp Time [3,3]:[1,3] Cis:Trans Yield 
(0C) (hrs) (%) 
I 328a 220 4 1:0 1:1 60 
2 338a 180 1.5 1:0 1:1 29 
3 338b 180 1.5 3:1 1:1.2 40 
4 347 220 2 1:0 1:2.3 21 
5 348a 170 1.5 1:0 1:1.3 30 
Table 24. Thermal Amino-Cope Rearrangement 
Substrates with thiophenyl substituents at either C-4 (diene 338a and 348a) or C-6 (diene 
338b) rearranged more rapidly at lower temperature in comparison to their methyl 
counterparts, which required longer reaction times and higher temperatures for a 
successful rearrangement. In addition when dienes 338a, 338b and 348a were subjected 
to higher temperatures or longer reaction times, the rearrangement resulted in 
decomposition. It was interesting to note that the rearrangement of all the diene 
substrates under thermal conditions afforded solely the [3,3] rearranged product in slight 
favour of the thermodynamic trans product, apart from diene 338b, which afforded both 
the [3,3] and the [1,3] product. Our result was in agreement with Paquette and co-
workers,S? who recently discovered that thiophenyl substituents at C-6 on 3-hydroxy-I,5-
hexadiene substrate promotes a remarkable added acceleration effect to the anionic oxy-
Cope rearrangement and a stepwise pathway is encouraged. They postulated that this 
divergent behaviour stemmed from the stabilising effect provided uniquely by divalent 
sulphur, a factor that promotes adaptation of the homolytic reaction channel. Their 
postulation also extended to sulphide groups residing at C-4 on the diene, but in our case 
both dienes 338a and 348a gave solely the [3,3] product under thermal conditions. 
The above results demonstrate that the pathway of the amino-Cope rearrangement is 
influenced by both the anionic/thermal conditions as well as the type and positioning of 
the substituent. 
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3.6. Attempted Synthesis of 6-Methyl-3-amino-l,5-hexadiene 
We were still determined to synthesise a 3-amino-I,5-hexadiene with a methyl group in 
the terminal position (Figure 28) as this would eliminate the possibility of steric 
interaction between the amine and the adj acent methyl group that might have forced the 
reaction to proceed via a stepwise mechanism with other substrates. 
Figure 28. 
A recent publication by Nakomi et al. 170 caught our attention. It described a highly 
enantioselective route for crotylation, that is convenient to use, has low cost and does not 
require difficult techniques. 
Nakomi et al. 170 demonstrated crotylation of aldehydes via an acid-catalysed allyl transfer 
reaction to give the corresponding crotylated product specifically and proposed that the 
reaction proceeded via the most stable six-membered cyclic transition state to give E-
olefin selectively, while maintaining the optical purity (>98 % e.e.). 
They achieved this by first synthesising the crotyl donor (methyl allyl menthol, 354) by 
Grignard reaction of (-)-menthone with crotylmagnesium chloride to give 354 in a 
stereochemically pure form after separation of the diastereomeric mixture in good 
isolated yield (77%). This was then used as a crotyl-donor in an allyl-transfer reaction 
with 3-phenylpropanal in the presence of an acid catalyst (toluenesulphonic acid 
monohydrate) to give the corresponding olefin 355 in good yield (63%) and high 
enantiomeric excess (>99%), Scheme 164. 
160 
~MgCI 
o QC, 2 hrs 
+ 
OH 
, , + 'OH ~-Ph (R) (-)-menthone 
355 
THF 
• 
~J~/ 
PhCH2CH2CHO 
TSAH20 (10 mol%) 
OH 
354 
hemiacetal 
• 'OH 
+ -~R 
Scheme 164. Crotylation of Aldehyde by Nakomi et a/Po 
+ 
O:::::::--R 
-.0: 
Considering the ease, high level of enantiomeric excess, yield and specificity of alcohol 
355 via allyl transfer reaction, we decided to use this procedure to synthesis our 
crotylated amine, Scheme 165. To our disappointment we only recovered starting 
material. We assumed the incompletion of the reaction might be due to imine 228 not 
being as reactive as the aldehyde. Hence, we decided to use harsher conditions and 
refluxed the reaction for 24 hours but again with no success. The progression of the 
reaction was monitored by TLC and the analysis was perfonned on IH NMR 
spectroscopy. 
161 
CH3 
OH 
"" 
~~CPh Ph~N~Ph p-TSA,20hrs Ph "" + X • 0 
HO HO CH3 DCM 
-
A 
354 228 328b 
Scheme 165. Attempted Crotylation ofImine via Allyl Transfer Reaction 
In order to confinn that the work by Nakomi et al. l7O was repeatable in our hands, we 
followed the procedure to synthesis the same substrate as in, Scheme 164. The reaction 
was successful, yielding olefin 355 in 80% yield with an enantiomeric excess of 93%. 
This confinned that the procedure used by Nakomi et al. 170 for crotylation was not 
suitable for our substrate, thus we looked at alternative routes. 
Heuschrnann 171 reported the addition of a crotyl anion to imines for the synthesis of 
homoallylic amines. One of the amine they synthesised was very similar to the substrate 
we desired, Scheme 166. They achieved this by addition of a vinylmagnesium 
bromide/cerium trichloride reagent to a chiral imine, resulting in the creation of a new 
stereo genic centre. The reaction proceeded in good diastereoselectivity with a yield of 
53%. It was postulated that the selectivity of the reaction was due to the fonnation of a 
five-membered chelate ring prior to addition. 
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Me~ /'.. 
,Pr /'.. -~ "- iPr 
, -;;/ ' CeC2 ~ ~ ~ ~OMe ___ ... ..A.."- A OMe 
Me" N Me "'-.'y' IS)' N IS) 
356 
H 
357a 
+ 
Me~ ,Pr 
Me~N~OMe 
H 
357b 
<97 
>3 
Scheme 166. Addition of Crotyl Anion to Imine by Heuschmann171 
To explain the formation of the homoallylic amines they used two different mechanisms, 
Scheme 167. In pathway A, an allylic amide is formed in the first step, followed by 
addition of a second equivalent of vinylcerium chloride to the double bond, this resulted 
in rearrangement to intermediate 360 and finally protonation at the terminal carbon. In 
pathway B, a dimeric cerium reagent 358 is formed in the first step, followed by addition 
of imine via one of the terminal carbon atom leading to the same intermediate 360 and 
again protonation at the terminal carbon led to the homoallylic amine. 
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R3 
N' 
R1.-JLR2 
R3 
~CeC~ I R2 NCeq 
• R1~ A 
359 
B 12X 1
1) ~CeC~ 2) rearrangement 
R3 
N' R3 R3 
R1.-JLR2 I I CI2Ce~ ~ R2 NH CeC~ • R1~H R1 CeC~ 
358 360 361 
Scheme 167. Assumed Mechanism for the Formation of Homoallylic Amines171 
We attempted to synthesis diene 328b by using this route. Vinylmagnesium bromide was 
reacted with a pre-dried (12 hours at 200°C) suspension of cerium trichloride, followed 
by addition of imine 228, Scheme 168. Despite numerous attempts (ensuring that the 
cerium trichloride was carefully dried and using freshly opened bottles of 
vinylmagnesium bromide) the reaction was unsuccessful. 
Phl~Ph 
OH 
228 
~CeCb 
x 
THF 
H 
Ph~N~Ph 
) -.& 
HO ~CH3 
328b 
Scheme 168. Attempted Rearrangement of Diene 328b using Cerium Trichloride 
The difference between our substrate and Heuchmann' s substrate was that our substrate 
bad an OH group, which was unprotected. Hence, we decided to protect the hydroxy 
group on imine 228 to a-Bn.172 This gave us a tarry mixture and was very difficult to 
purify as imine 228 hydrolyses on silica. To overcome this problem we first protected the 
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hydroxy group on p-amino-alcohol (L-phenylalaninol) 227 to O-Bn, yielding O-Bn 
phenylalaninol 362 as a yellow crystalline solid which was purified by recrystallisation. 
O-Bn phenylalaninol underwent a condensation reaction with trans-cinnamaldehyde to 
afford reasonably clean O-Bn imine 363, which was used without further purification. 0-
Bn imine was reacted with the vinylcerium regent but unfortunately the reaction did not 
work, Scheme 169. 
Ph~OH 1) NaH Ph~OBn 
• NH2 2) benzyl chloride NH2 
227 o QC to reflux 362 
j"'~o 2) MgS04 
Ph')'~Ph ~CeC2 Phl~Ph X ~ THF BnO CH3 OBn 
364 363 
Scheme 169. Attempted Synthesis of Diene 364 using O-BenzyJ Protected Imine 
We were determined to prepare crotyl substrate 328b and hence, decided to explore 
alternative routes in which crotyl anion equivalents are added to imines. 
Hirashita et at.173 reported the reaction of allylic-type diindium reagents with imines to 
give homoallylic amines in a cascade like reaction. We decided to follow this procedure. 
The diindium reagent was prepared by initially hydroiodinating methyl-2-butynoate 
stereoselectiveIy by reaction with sodium iodide in acetic acid to give methyl (2)-3-
iodobut-2-enoate 365,174 followed by reduction using DIBAL-H to the corresponding 
alcohol 366.175 The hydroxy group was mesylated and then transformed into (2)-1-
bromo-3-iodo-but-2-ene 368.175 Substrate 368 underwent oxidative addition with indium 
powder to give the diindium reagent,173 which was reacted in-situ with imine 228, 
Scheme 170. To our disappointment we only obtained decomposed products. 
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AcOH 
, 
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Scheme 170. Attempted Synthesis of Diene 328b using an AlIyJic Diindium Reagent 
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Yamamoto l76 described the preparation of allylbarium reagents by generating a reactive 
barium reagent in situ with allylic chlorides. This in turn was used for selective allylation 
reactions with carbonyl compounds, Scheme 171. 
1) Ba' 
2) R3COR4 HO R3 R3 OH ~CI • ~R4 + R4~ THF, -78 DC 
369 370a a-product 370b y-product 
83 17 
Scheme 171. 
We followed the above procedure in hope of synthesising diene 328b. Highly reactive 
barium was prepared by reduction of barium iodide with 2 equivalent of lithium 
biphenylide in anhydrous THF at ambient temperature. The dark brown suspension 
obtained was exposed to crotyIchloride at -78 DC, followed by addition of a solution of 
imine 228 in THF. The resulting reaction was allowed to warm to room temperature and 
stirred, Scheme 172. Sadly the reaction failed, resulting in formation of the hydrolysis 
product, cinnamaldehyde. 
Li + Ph-Ph 
H 
Ph~N~Ph 
-) - // 
HO ~CH3 
328b 
THF, r.t; 
IMINE 228 
1 
Ba 12, THF 
r.t., 30 min 
Ba' 
l ~CI -78°C, 20 min 
X ~BaCI 
THF 
Scheme 172. 
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3.7. Conclusion 
Our results clearly demonstrate that the pathway chosen by the anionic amino-Cope 
rearrangement is strongly influenced by many factors including the type and position of 
the substituents and the conditions under which the rearrangement is performed. 
Rearrangement of the 3-amino-I,S-hexadiene substrate with a methyl substituent at the C-
4 position or a thiophenyl substituent at either the C-4 or C-6 position under anionic 
conditions can lead to both the [3,3] and [1,3] product. The ratio of the [3,3] and the [1,3] 
product can be controlled by careful use of additives and solvents. Rearrangement of the 
3-amino-1 ,S-hexadiene with a methyl substituent at the C-4 position gives rise to the [3,3] 
product in polar solvent with DMPU. On the other hand, the thiophenyl substituted diene 
rearranges to give rise to the [3,3] product in a non-polar solvent with TMEDA. 
Under thermal conditions the rearrangement of the 3-amino-I,S-hexadiene substrate with 
either a thiophenyl or a methyl substituent at the C-4 position leads to the formation ofthe 
[3,3] product only. In contrast, thermal rearrangement of the diene with a thiophenyl 
substituent at the C-6 position leads to the formation of both the [3,3] and the [1,3] 
product. We believe that this maybe due to the stabilising effect of the sulphur atom, 
which encourages the stepwise pathway. 
In summary, the findings demonstrate that the anionic amino-Cope rearrangement of 3-
amino-I,S-hexadiene substrates with a substituent at either C-4 or C-6 position does not 
proceed solely by a concerted [3,3]-sigmatropic rearrangement. We are unable to rule out 
the possibility of a competing concerted [1,3] rearrangement. Nor are we able to 
distinguish the proposed concerted [1,3] rearrangement from a dissociative pathway. 
Nevertheless, we have discovered that by careful choice of reaction conditions, the 
pathway of the amino-Cope rearrangement can be controlled, leading to formation of 
[3,3] products almost exclusively. 
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3.8 Further Work 
In order to gain a further insight and understanding into the mechanism of the amino-
Cope rearrangement, additional research is recommended for developing other routes to 
synthesis 3-amino-l,5-hexadiene with a methyl marker at the C-6 position (328b). 
Suggested pathways for the synthesis of diene 328b are highlighted in Scheme 173 and 
174. 
RHN
y
C02Me OZOnOIYs~s RHN
y
C02Me 
V Wittig ~ 
Me 
1 
DiBAL 
Wittig 
328b 
Scheme 173. Suggested Synthesis of Diene 328b 
RHN~Ph RN~Ph imin()-AI~ol y DiBAL, RHNyvPh 
Wittig ~ 
Me 
OMe 328b 
Scheme 174. Suggested Synthesis of Diene 328b 
Recently Hartley et al. 81 reported that the anionic oxy-Cope rearrangement of 5-alkylthio-
1,5-dien-3-0Is proceeds by a concerted mechanism, leading to a aldehyde product with 
the nucleophilic vinylsulphide and the electrophillic carbonyl group in a 1,5-relationship. 
The authors81 also demonstrated that the 5-alkylthio group assists stereocontrol in the 
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anionic oxy-Cope rearrangement of 3,4-anti vinyl sulphides by discouraging a pseudo-
axial oxyanion, Scheme 175. 
HexshoH )r 
Ph 
• 
18-C-6 
THF 
KH Hexs~ 
\,.,. OH 
" 
Ph 
1E, 5Z, 3,4-anti E-3,4-syn 
Scheme 175. Rearrangement by Hartley 
With reference to Hartley's work,S! further research is recommended to other classes of 
the substituted 3-amino-l ,5-dienes including those with substituents at the C-5 position 
and investigate its effect on both the anionic and thermal amino-Cope rearrangement. 
Finally, the potential of the amino-Cope rearrangement in synthetic chemistry should be 
highlighted by using the acquired knowledge of the amino-Cope rearrangement to 
synthesise various substituted aldehydes, which can be easily manipulated to allow routes 
for biologically active products. 
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Chapter 4 
Experimental 
171 
4.1. General Information 
Solvents and Reagents 
All solvents were dried, distilled and either used immediately or stored over 4 A 
molecular sieves. 
dichloromethane: 
diethyl ether: 
ethyl acetate: 
distilled from phosphorus pentoxide 
distilled from sodium and benzophenone 
distilled from calcium chloride 
40-60 petroleum ether: (fraction boiling between 40 QC and 60 QC), distilled from 
calcium chloride 
tetrahydrofuran: 
hexanes: 
distilled from sodium and benzophenone 
purchased from Fisher Scientific 
Unless stated ether refers to diethyl ether and pet ether refers to petroleum ether (40:60). 
All chemicals used in this work were obtained from Aldrich Chemical Co. Ltd, Lancaster 
Synthesis Ltd, Avocado Research, Strem Chemicals Ltd, or Fisher Chemicals, and were 
purified where necessary before use. 
Chromatographic Procedures 
Flash column chromatography was carried out using Merck Kieselgel 60 H silica. 
Samples were applied as saturated solutions in an appropriate solvent or pre-absorbed 
onto the minimum quantity of silica. Thin layer chromatography (TLC) was carried out 
using aluminium backed plates coated with Merck Kieselgel 60 GF254• Plates were 
visualised under UV light (at 254 nm and/or 360 nm) or by staining with potassium 
permanganate solution or iodine. 
Chiral HPLC was performed using a Thermoseparations modular machine (VIOO UV 
Detector, P200 Pump and TSP Chromatographic Integrator) using ChiralCel OD columns 
purchased from Merck. 
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Spectra 
Infra red spectra were recorded in the range 4000-600 cm·1, using a Perkin Elmer Paragon 
1000 FT-IR Spectrometer, with internal calibration. Solid samples were run as nujol 
mulls, and liquids as thin films. 
lH and 13C Nuclear Magnetic Resonance (NMR) spectra were recorded using a Bruker 
AC 250 or Bruker Avance 400 Spectrometer. Multiplicities were recorded as broad peaks 
(hr), singlets (s), doublets (d), triplets (t), quartets (q) and multiplets (m). All NMR 
samples were prepared in deuterated solvents using TMS as an internal standard (0 ppm). 
Coupling constants (J values) are reported in hertz (Hz). Diastereoisomer ratios were 
calculated from the integration of suitable peaks in the lH NMR spectrum. 
Electron Impact (E.I.) and Fast Atom Bombardment (F.A.B.) mass spectra were recorded 
using a Fisons VG Quattro II SQ instrument and accurate-mass spectra were recorded 
using a Kratos MS80 Instrument. 
Elemental Analysis 
Elemental analyses were carried out on a Perkin Elmer 2400 CRN Elemental Analyser. 
Other Data 
Melting points were determined on a Gallenkamp Melting Point apparatus. Optical 
rotations were performed where possible using an Optical Activity AA-lO Automatic 
Polarimeter. All yields are for isolated pure products except where diastereomeric 
mixtures are noted. 
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4.2. Experimental for Chapter 2 
4.2.1. Lactone Synthesis 
1. (2S)-2-Amino-3-phenyl-propan-1-o1117 
A solution of Me3SiCl (15.74 ml, 124.50 mmol) was added under nitrogen to LiBH4 (1.36 
g, 62.00 mmol) in anhydrous tetrahydrofuran (IS ml) over the course of 2 min. L-
phenylalanine (5.14 g, 31.00 mmol) was added portion wise to the mixture over 5 min, 
this was then left to stir at room temperature for 24 hrs. Methanol (20 m!) was added 
slowly to the reSUlting solution and the solvent was removed under reduced pressure. The 
residue was treated with 20% KOH solution and extracted with DCM (3 x 20 ml). The 
organic phases were combined, dried over Na2S04 and solvent removed under reduced 
pressure to give white solid 227 (4.15 g, 88%). Mp 91-93°C, lit 92-94 QC; 117 Vmax 
(film/cm-') 3347, 3281, 3026, 2921, 1581, 1494, 1057,743 and 700 (C-H Ar); 5H (250 
MHz, CDCh) 1.73 (IH, br, OH), 2.52 (lH, dd, J 13.4 and 8.5, PhCHH), 2.82 (I H, dd, J 
13.4 and 4.9, PhCHH), 3.09-3.17 (lH, m, NH2CR), 3.38 (lH, dd, J lOA and 7.2, 
CHHOH), 3.63 (lH, dd, J 10.4 and 3.7, CHHOH), 7.18-7.34 (5H, m, ArR); cSc(100 MHz, 
CDCh) 40.95 (CH2), 54.19 (CH), 66.37 (CH2), 126.43 (CH), 128.55 (2 x CH), 129.21 (2 
x CH) and 138.70 (q); mlz (FAB) 152 «M+lt, 100%), 136 (3),120 (19),105 (6), 91 (35) 
and 77 (6). Found: C, 71.2; H, 8.8; N, 9.2%; (M+It, 152.1075. C9H13NO requires C, 
71.5; H, 8.7; N, 9.2%; (M+1)\ 152.1075. 
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2. (2S) -3-Phenyl-2-(3-phenylallylideneamino)-propan-l-ol1ol 
o OlN~ 
OH 
228 
Trans-Cinnamaldehyde (1.00 g, 7.70 mmol) in dichloromethane (20 ml) was added 
dropwise to a stirred solution of L-phenylalaninol 227 (1.16 g, 7.70 mmol) in 
dichloromethane (50 ml) at room temperature and the mixture was left to stir for 10 min. 
Anhydrous magnesium sulphate (1.00 g) was added and the reaction was stirred for a 
further 10 min. Filtration and removal of the solvent under reduced pressure yielded 
imine 228 (2.00 g, 98%) as a pale yeIJow solid, which was used without further 
purification. [afoo -10.9° (c 1.1, CH2Ch); Mp 112-114°C; V.m, (fiIm)/cm-1 3212 (O-H), 
3095, 3027, 2918, 2853 (C-H stretch), 1635 (C=N), 1618 (C=C) 1494, 1450 (C=C Ar), 
1073,1050 (C-O), 978, 749, 700 and 690 (C-H Ar); OH (250 MHz, CDCh) 2.18 (IH, br s, 
OH), 2.80 (IH, dd, J 13.5 and S.4, PhCHH), 2.93 (IH, dd, J 13.5 and 5.1, PhCHH), 3.42-
3.44 (IH, m, CHCH20H), 3.80 (IH, dd, J 11.3 and 3.8, CHHOH), 3.87 (IH, dd, J 11.3 
and 7.5, CHHOH), 6.65 (JH, d, J 16.0, CH=CHPh), 6.82 (IH, dd, J 16.0 and 8.5, 
CH=CHPh), 7.11-7.30 (JOH, m, ArH) and 7.71 (JH, d, J 8.5, N=CH); oe (lOO MHz, 
CDCI3) 39.03 (CH2), 65.96 (CH2), 74.2 (CH), 126.23 (CH), 127.29 (2 x CH), 127.47 
(CH), 12S.31 (2 x CH), 128.80 (2 x CH), 129.21 (CH), 129.62 (2 x CH), 135.54 (q), 
138.45 (q), 142.45 (CH) and 164.08 (CH); mlz (FAB) 266 «M+I)+, 100%),234 (6), 174 
(12), 115 (IS) and 91 (44). Found C, S1.3; H, 7.3; N, 5.3%; (M+lt, 266.1542. 
C18H19NO requires C, 81.5; H, 7.2; N, 5.3%; (M+lt, 266.1545. 
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3. (2S)-3-Phenyl-2-(S)-(1-styryl-but-3-enylamino )-propan-l-ollOl 
Imine 228 (9.22 g, 34.80 mmol) was dissolved in anhydrous toluene/diethyl ether (4:1, 
150 ml) and stirred at room temperature with magnesium turnings (2.74 g, 114.20 mmol). 
Allyl bromide (9.86 ml, 114.20 mmol) was added in two portions to the imine solution 
and the mixture was stirred under an inert atmosphere. After overnight stirring the 
reaction was quenched with water until a gelatinous precipitate formed. The organic 
layer was decanted and the gelatinous residue rinsed with diethyl ether (2 x 100 ml). The 
combined organic layers was washed twice with saturated aqueous sodium hydrogen 
carbonate solution, dried over sodium sulphate, filtered and the solvent removed under 
reduced pressure to yield a yellow solid. Recrystallisation from hexanes/diethyl ether 
gave amine 229 (4.10 g, 71%) as a colourless crystalline solid. [a]2oD _20.3° (c 1.5, 
CH2CIz); Mp 90-92 QC; Vm" (film)/cm,1 3406 (O-H), 3025, 2921 (C-H stretch), 1630, 
(C=C) 1600, (C=C) 1494, 1452 (C=C Ar), 1031 (C-O), 968, 914, 749 and 695 (C-H Ar); 
OH (400 MHz, CDCl,) 2.20-2.25 (2H, m, CH2CH=CH2), 2.70-2.81 (2H, m, PhCH2), 2.99-
3.05 (lH, m, CH), 3.25 (lH, q, J 6.6, CHCH20H), 3.34 (lH, dd, J 10.7 and 3.4, 
CHHOH), 3.62 (lH, dd, J 10.7 and 3.8, CHHOH), 5.03-5.10 (2H, m, CH=CH2), 5.64-
5.81 (2H, m, CH2CH=CH2 and CH=CHPh), 6.25 (lH, d, J 15.9, CH=CHPh) and 7.10-
7.31 (10H, m, ArH); oe (lOO MHz, CDCh) 38.87 (CH2), 40.92 (CH2), 56.41 (CH), 57.77 
(CH), 62.05 (CH2), 117.55 (CH2), 126.32 (2 x CH), 126.50 (CH), 127.51 (CH), 128.56 (2 
x CH), 128.60 (2 x CH), 129.30 (2 x CH), 130.82 (CH), 131.99 (CH), 134.88 (CH), 
136.70 (q) and 138.59 (q); mlz (FAB) 308 «M+lt, 61%), 266 (82), 216 (12), 157 (75), 
129 (45) and 115 (78). Found: C, 82.0; H, 8.1; N, 4.5%; (M+1t, 308.2013. C21H25NO 
requires C, 82.0; H, 8.2; N, 4.6%; (M+1t, 308.2014. 
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4. (R)-3-Phenylhex-5-enal 
o Ph 
H~ 
225 
Diene 229 (0.98 g, 3.20 mmol) was dried in vacuo for I hr then dissolved in anhydrous 
tetrahydrofuran (20ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution of n-butyllithium in hexanes (3.30 ml, 8.30 mmol) was added 
dropwise via syringe over 5 min and the resulting mixture was stirred for 30 min at _78°C 
before warming to room temperature. The reaction was heated to reflux for 1 hr then 
quenched with water (0.50 ml). The mixture was dried over anhydrous sodium sulphate, 
filtered through a small pad of celite and solvent removed under reduced pressure to give 
an orange oil. Flash column chromatography on silica gel using an eluent mixture of light 
petroleum ether/diethyl ether (10:1) hydrolysed the crude oxazolidine giving aldehyde 
225 as yellow oil (0.38g, 69% yield). [a]25D -8.1 (c 6.10, CHC!,); Vrnax (film)/cm-1 2923 
(C-H stretch), 1723 (C=O), 1639 (C=C), 995, 916 and 762 (Ar C-H); OH (400 MHz, 
CD Ch) 2.35-2.39 (2H, m, CH2CHO), 2.70-2.74 (2H, m, CH2CH=CH2), 3.26-3.28 (!H, 
m, PhCH), 4.96-5.02 (2H, m, CH=CH2), 5.63-5.65 (!H, m, CH=CH2), 7.16-7.20 (3H, m, 
ArH), 7.27-7.30 (2H, m, ArH) and 9.67 (JH, t, J 2.9, CH=O); Oc (lOO MHz, CDC!,) 
40.13 (CH), 41.34 (CH2), 49.73 (CH2), 116.83 (CH2), 127.09 (CH), 127.92 (2 x CH), 
128.81 (2 x CH), 136.\6 (CH), 143.80 (q) and 202.04 (CH); mlz (El) 174 (M+, 2%), 156 
(14), 130 (28), 105 (100), 91 (25) and 77 (23). Found: M+, 174.1041. Ci2HI 40 requires 
M+,174.1045. 
e.e. 91 % measured by derivatisation with (-)-ephedrine, see experiment 5. 
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5. Measurement of Enantiomeric Excess (and Determination of Absolute 
Configuration) by Derivatisation with (-)-EphedrineI28 
270(5) 
Major 
270(R) 
Minor 
Aldehyde 225 (0.10 g, 0.50 mmol) was dissolved in dichloromethane (lOmI) and stirred 
with activated 4A molecular sieves. (-)-Ephedrine (0.09 g, 0.50 mmol) was added and the 
mixture was stirred at ambient temperature overnight. The mixture was then filtered 
through a thin pad of celite, dried over anhydrous magnesium sulphate and the solvent 
was removed under reduced pressure to give a mixture of oxazolidines as light yellow oil. 
IH NMR analysis of the diastereoisomeric mixture enabled measurement of the d.e. 
which is directly related to the e.e. of the starting aldehyde. 
Oxazolidine data from derivatisation of (R)-3-Phenylhex-5-enal; OH (400 MHz, CDCb) 
0.53 (3H, d , J 6.8, CH)CH, S-isomer), 0.57 (3H, d, J 6.8, CH)CH, R-isomer), 1.98-2.00 
(2H, m, CHCH2(CHPh)CH2, both isomers), 2.03 (3H, s, NCH), S-isomer), 2.16 (3H, s, 
NCH), R-isomer), 2.34-2.36 (2H, m, CH2CH=CH2 both isomers), 2.52-2.56 (lH, m, 
CH)CH, both isomers), 2.98-3.00 (lH, m, CH2(CHPh)CH2, both isomers), 3.42-3.45 (lH, 
m, N(CHO)CH2, S-isomer), 3.95-4.01 (lH, m, N(CHO)CH2, R-isomer), 4.84-4.92 (3H, 
m, PhCH and CH=CH2 both isomers), 5.58-5.59 (lH, m, CH=CH2, both isomers) and 
7.12-7.25 (lOH, m, ArH); oc (100 MHz, CDCb) 13.85 (CH), S-isomer), 13.95 (CH), R-
isomer), 35.15 (CH), S-isomer), 36.32 (CH), R-isomer), 38.72 (CH2, S-isomer), 38.90 
(CH2, R-isomer), 40.90 (CH, both isomers), 41.17 (CH2, both isomers), 63.01 (CH, S-
isomer), 63.21 (CH, R-isomer), 80.50 (CH, R-isomer), 80.85 (CH, S-isomer), 94.49 (CH, 
S-isomer), 94.76 (CH, R-isomer), 115.19 (CH2, S-isomer), 115.31 (CH2, R-isomer), 
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125.03-127.43 (10 x Ar-CH, both isomers), 138.58 (CH, R-isomer), 138.71 (CH, S-
isomer), 142.24 (q, both isomers) and 146.77 (q, both isomers). 
6. (3R)-3-Phenyl-hex-5-enoic acid 
o Ph 
HO~ 
271 
Aldehyde 225 (0.10 g, 0.57 mmol) was dissolved in aqueous buffer (pH 4.0, 20 ml) and 
cooled to 0 QC in an ice bath. Sodium chlorite (80% w/w, 0.195 g, 1.72 mmol) was added 
neat in two portions followed by 2.0 M solution of 2-methyl-2-butene (0.86 ml, 1.72 
mmol) and the mixture was stirred vigorously for 3 hrs. The aqueous solution was 
extracted with dichloromethane (3 x 30 ml), dried over anhydrous magnesium sulphate, 
filtered and the solvent removed under reduced pressure to furnish an orange oil. Flash 
column chromatography on silica gel, eluting with hexanes/diethyl ether (4:1) gave 
carboxylic acid 271 (0.075 g, 70% yield) as a yellow oil. [a]2S D -20 (c 1.27, CH2Ch); 
v=,(film)/cm·) 3357 (O-H), 3063, 3028 2924, 2855 (C-H stretch), 1706 (C=O), 1653, 
1640, 1602 (C=C) 1553, 1494, 1453 (C=C Ar), 1276, 1161, 1031 (C-O), 911, 735 and 
700 (C-H Ar); OH (400 MHz, CDCh) 2.31 (2H, t, J 8.0, CH2CH=CH2), 2.51 (lH, dd, J 
16.0 and 8.0, CHHCOOH), 2.63 (IH, dd, J 16.0 and 8.0, CHHCOOH), 3.09-3.13 (1H, m, 
CHPh), 4.87-4.94 (2H, m, CH=CH2), 5.53-5.59 (lB, m, CH=CH2) and 7.09-7.24 (5H, m, 
ArH); oc(100 MHz, CD Ch) 39.61 (CH2), 40.37 (CH2), 40.80 (CH), 116.02 (CH2), 126.96 
(CH), 127.16 (2 x CH), 127.97 (2 x CH), 134.76 (CH), 142.96 (q), and 177.19 (q); mlz 
(El) 190 (M+, 15%), 149 (30),107 (100), 91 (23) and 79 (24). Found: 190.0998. CI2H)402 
requires M+, 190.0994. 
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7. (4R, 6R)- and (4R, 6S)-6-Iodomethyl-4-phenyItetrahydro-2H-pyran-2-one 
,~. '~'.~ 
" "",-
272a 
Major 
A sotUtiOli. of carboxylic acid 271 (0.09 g, 0.48 mmol) in acetonitrile (20 ml) was stirred 
" 
wi~ 4A MS and sodium hydrogen carbonate (0.39 g, 1.58 mmol) at ambient temperature. 
Iodine (0.13 g, 1.58 mmol) was added and the resulting mixture was stirred for 24 hrs 
before being quenched with saturated aqueous sodium thiosulphate solution (2 ml). 
Solvent was removed under reduced pressure and the residue was partitioned between 
dichloromethane and brine (40 ml, 1: 1). The organic layer was removed and the aqueous 
portion extracted with further 20 ml of dichloromethane. The combined organic layers 
was dried over anhydrous magnesium SUlphate, filtered and solvent removed under 
reduced pressure to give orange oil which was shown to be a mixture of two 
diastereoisomers (4:1) by 'H NMR analysis. Flash column chromatography on silica gel, 
eluting with hexanes/diethyl ether (1: 1) gave the major diastereoisomer 272a (0.08 g, 
53%) as a light yellow solid and the minor diastereoisomer 272b (0.03 g, 20%) as a 
colourless oil which was obtained using preparative TLC. 
Analysis of 272a 
Mp 80-83 QC; Vm" (film)/cm·1 3055, 2922 (C-H stretch) 1734 (C=O), 1630, 1600, (C=C), 
1454 (C=C Ar), 1228, 1179, 1035 (C-O) and 756 (C-H Ar); OH (400 MHz, CDCh) 1.86 
(!H, ddd, J 13.6, 12.4 and 11.6, C(5)HaxH), 2.43 (!H, ddd, J 13.6,5.2 and 3.2, C(5)HHeq), 
2.57 (lH, dd, J 18.0 and 12.0, C(3)HaxH), 2.92 (!H, ddd, J 18.0,5.6 and 2.0, C(3)HHeq), 
3.21-3.25 (IH, m, CHPh), 3.38 (!H, dd, J 10.4 and 6.4, CHHI), 3.44 (lH, dd, J 10.4 and 
4.4, CHHI), 4.37-4.42 (!H, m, CHaxCH2I) and 7.20-7.39 (5H, m, ArH); Oc (100 MHz, 
CDCh) 8.09 (CH2), 36.72 (CH2), 37.40 (CH), 37.61 (CH2), 78.83 (CH), 126.80 (2 x CH), 
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127.85 (CH), 129.46 (2 x CH), 142.47 (q) and 170.11 (q); mlz (El) 316 (M+, 20%),189 
(11),175 (10),131 (50), 129 (100),104 (53), 91 (21),77 (31) and 43 (13). Found: M+, 
315.9962. CI2HIJ021 requires M+, 315.9960. 
HPLC analysis (ChiralCel OD-H, hexanes/propan-2-o1 99:1, 0.25 ml.min-I) gave an e.e. 
of 86%. Retention times: major enantiomer = 16.96 min, minor = 14.57 min. 
Analysis of272b 
Vm" (fiIm)/cm-1 3055, 2931, 2889 (C-H stretch), 1734 (C=O), 1630, 1600 (C=C), 1454 
(C=C Ar), 1228, 1179, 1035 (C-O) 935, 756 and 738 (C-H Ar); OH (400 MHz, CDCh) 
2.25 (2H, t ... .r 4.0, (C(5)H2)' 2.79-2.87 (2H, m, C(3)H2)' 3.31-3.43 (3H, m, CH21 and 
CHPh), 4.35-4.39 (!H, m, CHeqCH2I) and 7.20-7.39 (5H, m, Arll); oc(IOO MHz, CD Ch), 
6.99 (CH2), 34.76 (CH), 35.44 (CH2), 35_86 (CH2), 76.23 (CH), 126.95 (2 x CH), 127.74 
(CH), 129.49 (2 x CH), 142.60 (q) and 170.69 (q). 
The IH and IJC assignment for the isomers were done with the aid of HETCOR and 
COSY. 
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8. (4R,6R)- and (4R, 6S)-4-Phenyl-6-[(phenylseleno)methylltetrahydro-2H-pyran-2-
one 
£ 
/sePh 
oDPh o Ph 
273a 273b 
Major Minor 
To. a magnetically stirred solution of carboxylic acid 271 (0.23 g, 1.21 mmol) in 
anhydrous dichloromethane (5 ml) under nitrogen, pyridine (0.11 g, 1.33 mmol) was 
added and the solution was stirred for 30 min at room temperature. The solution was then 
cooled to -78°C and phenylselenium chloride (0.26 g, 1.33 mmol) was added. The 
reaction was stirred until completion, which was indicated by the decolourisation of the 
red orange colour of phenylselenium chloride and confirmed by TLC. The solvent was 
removed under reduced pressure to give an orange semi-solid, which was shown to be a 
mixture of two diastereoisomer (3:1) by IH NMR spectroscopy. Purification by flash 
column chromatography eluting with petroleum ether/ethyl acetate (7: 1) gave the 
inseparable isomeric lactones 33a and 33b (0.31 g, 71 %) as an orange oil. 
Analysis of 273a 
v""< (fiIm)/cm-1 2923 (C-H), 1732 (C=O), 1578, 1495, 1477, 1381 (C=C Ar), 1227 (C-O), 
738 and 699 (C-H Ar); OH (400 MHz, CDCh) 1.86 (!H, ddd, J 13.6, 12.0 and 10.4, 
C(5)H.xH), 2.53 (!H, ddd, J 13.6, 5.2 and 3.2, C(5)HHeq ), 2.62 (!H, dd, J 18.0 and 11.6, 
C(3)H.xH), 2.98 (!H, ddd, J 18.0, 6.0 and 2.0, C(3)HHeq), 3.16 (IH, dd, J 12.9 and 7.7, 
CHHSePh), 3.21-3.26 (!H, m, CHPh), 3.41 (!H, dd, J 12.9 and 4.7, CHHSePh), 4.63-
4.69 (!H, m, CHaxCHzSePh) , 7.16-7.35 (8H, m, Arl!) and 7.53-7.54 (2H, m, ArH); Oc 
(lOO MHz, CDCh) 32.95 (CHz), 36.05 (CHz), 37.76 (CH), 37.92 (CHz), 80.07 (CH), 
126.79 (2 x CH), 129.38 (2 x CH), 129.41 (CH), 129.75 (CH), 129.76 (2 x CH), 133.36 (2 
x CH), 142.88 (q) and 170.61 (2 x q); mlz (El) 346 (M+, 54%), 189 (13), 175 (23), 157 
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(28), 143 (39), 13l (94), 117 (24), 105 (92), 91 (lOO) and 77 (69). Found: M+, 346.0479. 
CJsHJs02Se requires Mt, 346.0472. 
Analysis of 273b 
OH (400 MHz, CDCb) 2.25-2.36 (2H, m, C(5)H2), 2.79 (IH, dd, J 17.1 and 8.7, C(3)HH), 
2.90 (!H, dd, J 17.1 and 6.4, C(3)HH), 3.13 (IH, dd, J 12.9 and 3.5, CHHSePh), 3.37 
(JH, dd, J 12.9 and 4.7, CHHSePh), 3.42 (!H, m, CHPh), 4.61 (!H, m, CHeqCH2SePh) , 
7.16-7.35 (8H, m, Arlf) and 7.53-7.54 (2H, m, Arlf); Oc (lOO MHz, CDCI3) 32.06 (CH2), 
34.52 (CH2), 34.78 (CH), 36.35 (CH2), 77.11 (CH), 126.96 (2 x CH), 127.58 (CH), 
127.71 (2 x CH), 127.9 (2 x CH), 128.1 (CH), 133.79 (2 x CH), 142.96 (q) and 171.28 (2 
x q). 
The IH and I3C assignment for the isomers were done with the aid of TOCSY, HETCOR 
and COSY. 
9. (4R,6S)-6-methyl-4-phenyltetrahydro-2H-pyran-2-one from (4R, 6R) -6-
Iodomethyl-4-phenyltetrahydro-2H-pyran-2-one 
274a 
Tributyltin hydride (0.23 ml, 0.87 mmol) dissolved in anhydrous toluene (2 ml) was 
added to a solution of 272a (0.09 g, 0.29 mmol) in anhydrous toluene (5 ml) under inert 
atmosphere and the mixture was heated to reflux. AIBN (0.005 g) was added and the 
reaction was heated under reflux for a further 4 hrs. AIBN (0.005 g) was added every 45 
min until completion of the reaction, monitored via TLC. Once the reaction was 
completed the mixture was cooled to room temperature and solvent removed under 
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reduced pressure. The residue was partitioned between acetonitrile and hexanes (20 ml, 
1: 1) to remove excess tributyItin hydride. The acetonitrile layer was further washed with 
hexanes (20 ml) and solvent removed under reduced pressure, furnishing with a yellow 
oil. Flash column chromatography on silica gel, eluting with light petroleumldiethyl ether 
(10:1) gave the lactone 274a (0.046 g, 83%) as a colourless oil. [U]2S D -17.2 (c 1.00, 
CH2Cb); Vm" (film)/cm·1 2923, 2854 (C-H), 1731 (C=O), 1456 (C=C Ar), 1253, 1230 (C-
0),757 and 700 (C-H Ar); OH (400 MHz, CD Ch) 1.45 (3H, d, J8.0, CH3), 1.69-1.76 (!H, 
m, C(5)HaxH), 2.15-2.19 (!H, m, C(5)HHeq), 2.53 (!H, dd, J 17.6 and 11.6, C(3)HaxH), 
2.92 (!H, ddd, J 17.6,6.0 and 2.0, C(3)HHeq), 3.15-3.23 (!H, m, CHPh), 4.53-4.61 (!H, 
rn, CHCH3) and 7.19-7.35 (5H, m, ArH); oc (lOO MHz, CDCh) 22.30 (CH3), 37.67 
(CH2), 38.09 (CH), 38.43 (CH2), 77.10 (CH), 126.79 (2 x CH), 127.61 (CH), 129.37 (2 x 
CH), 143.22 (q) and 170.21 (q); mlz (El) 190 (M+, 25%),104 (lOO), 91 (15) and 78 (14). 
Found: M+, 190.0994. Cl2Hl402 requires M+, 190.0994. 
10. (4R, 6S)- and (4R, 6R)-6-rnethyl-4-phenyltetrahydro-2H-pyran-2-one from (4R, 
6R)- and (4R, 6S)-4-Phenyl-6-[(phenylseleno)methyl)tetrahydro-2H-pyran-2-one 
Me Iyle )i" oDPh 
274a 274b 
Major Minor 
TributyItin hydride (0.16 ml, 0.61 rnmol) dissolved in anhydrous toluene (2 rnl) was 
added to a solution of 273a and 273b (0.07 g, 0.20 mmol) dissolved in anhydrous toluene 
(5 ml) under inert atmosphere. The mixture was heated to reflux then AIBN (0.005 g) 
was added and the reaction was further heated under reflux for 4 hrs. AIBN (0.005 g) 
was added every 45 min until completion of the reaction, confirmed via TLC. The 
solvent was removed under reduced pressure and the residue was partitioned between 
acetonitrile and hexanes (20 ml, 1: 1) to remove excess tributyltin hydride. The 
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acetonitrile layer was further washed with hexanes (20 ml) and solvent removed under 
reduced pressure furnishing with yellow oil. Flash column chromatography on silica gel, 
eluting with hexanes/diethyl ether (4:1) gave the diastereoisomers 274a and 274b (0.03 g, 
79%) as a yellow oil. Vm~ (film)/cm-1 2978, 2933 (C-H), 1729 (C=O), 1453 (C-H), 1251, 
1230 (C-O), 781, 758, and 701 (C-H Ar); OH (250 MHz, CDCh) 1.40 (3H, d, J 6.5, CH3 
274b), 1.44 (3H, d, J 6.2, CH3 274a), 1.71-1.81 (lH, m, C(5)HaxH 274a), 2.01-2.08 (2H, 
m, C(5)H2 274b), 2.12-2.21 (lH, m, C(5)HHeq 274a), 2.52 (lH, dd, J 17.8 and 10.0, 
C(3)HaxH 274a), 2.77 (2H, t, J 6.0, C(3)H2 274b), 2.91 (lH, ddd, J 17.8, 6.0 and 2.0, 
C(3)HHeq 274a), 3.13-3.26 (lH, m, CHPh 274a), 3.36-3.40 (lH, m, CHPh 274b), 4.50-
4.56 (lH, m, CHCH3 274a and 274b) and 7.18-7.26 (5H, m, ArH274a and 274b). 
11. Attempted Synthesis of (4R, 6S)-6-methyl-4-phenyltetrahydro-2H-pyran-2-one 
from (4R,6R) -6-Iodomethyl-4-phenyltetrahydro-2H-pyran-2-one using 
Tris-(trimethylsilyl)silane. 
Me 
;:\~ 
274a 
TTMSS (0.15 ml, 0.47 mmol) was added neat to a solution of272a (0.05 g, 0.16 mmol) 
dissolved in dry acetonitrile (5 ml) under inert atmosphere and the reaction was heated to 
reflux. AIBN (0.005 g) was added every 45 mins and the reaction was heated under 
reflux for a further 4 hrs. The reaction was cooled and solvent removed under reduced 
pressure giving yellow/orange oil. Through IH NMR and GC-MS analysis it was 
confirmed that the desired compound was not synthesised and none of the starting 
material was left. 
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4.3. Experimental for Chapter 3 
4.3.1. Preparation ofImines 
12. (IS)-I -(Benzyloxy)-3-phenylpropan-2-amine 
~OBn V NHZ 
362 
Under inert atmosphere anhydrous tetrahydrofuran (l5 ml) was added to sodium hydride 
(60% dispersion in mineral oil), (0.56 g, 14.08 mmol) and the mixture was cooled to 0 0c. 
L-phenylalaninol (1.94 g, 12.80 mmol) was added and the mixture was heated to reflux 
for 30 min before cooling to room temperature. Benzylchloride (1.77 g, 14.00 mmol) was 
added and the resulting mixture was heated under reflux for 2 hrs and then allowed to 
cool to room temperature before being quenched with water. Solvent was removed under 
reduced pressure and the remaining residue was treated with IM solution of HCI and 
extracted with dichloromethane. The aqueous layer was adjusted to pH 12 with 6M 
solution of sodium hydroxide and extracted with dichloromethane. The organic layers 
were combined, dried over anhydrous sodium sulphate, filtered and solvent removed 
under reduced pressure to give a yellow solid. Recrystallisation from 
dichloromethanelhexanes gave O-benzyl phenylalaninol 362 as a pale yellow crystalline 
solid (2.77 g, 90% yield). [a]25D +48.0° (c 1.0, CH2Ch); Mp 158-160 °C; Vm" (film)!cm-1 
3377 (N-H), 3029, 2954, 2865 (C-H stretch), 1643, 1600 (C=C), 1557, 1504 (N-H bend), 
1487, 1453 (C=C Ar) 1072, 1057, 1050 (C-O), 913, 744 and 698 (Ar C-H); OH (400 MHz, 
CDCb) 3.01 (lH, dd, J 13.0 and 9.9, PhCHHCH), 3.30 (lH, dd, J 13.0 and 4.4, 
PhCHHCH), 3.49-3.53 (lH, m, CHCHHO), 3.57-3.64 (2H, m, CHCHHO and CHNH2), 
4.43 (IH, d, J 11.9, OCHHPh), 4.54 (lH, d, J 11.9, OCHHPh) and 7.00-7.34 (IOH, m, 
ArH); ocCIOO MHz, CDCb) 37.63 (CH2), 53.18 (CH), 67.51 (CH2), 73.34 (CH2), 127.12 
(CH), 127.80 (CH), 127.85 (2 x CH), 128.42 (2 x CH), 128.77 (2 x CH), 129.36 (2 x 
CH), 137.30 (q) and 140.18 (q); mlz (El) 240 «M-I)+' 7%), 210 (10), 150 (100), 120 
186 
(100), 103 (45), 91 (lOO), 77 (42) and 65 (lOO). Found: C, 79.8; H, 8.0; N, 5.6%; (M-I)+' 
240.1384. C!6H!9NO requires C, 79.6; H, 7.9; N, 5.8%; (M-I)+, 240.1388. 
13. (2S)-3-Methyl-2-{[(E, 2E)-3-phenylprop-2-enylidienelamino}butan-I-oI1o4 
X'~ 
371 
To a stirring solution of (S)-(+)-2-amino-3-methyl-l-butanol (valinol) (1.00 g, 9.69 
mmol) in diethyl ether (20 ml) was added cinnamaldehyde (1.28 g, 6.69 mmol) dropwise. 
The reaction was allowed to stir at room temperature for 60 min. Anhydrous magnesium 
sulphate (1.00 g) was added and the mixture was stirred for further 10 min. The solution 
was then filtered and the solvent removed under reduced pressure to give a pale yellow 
partially crystalline solid (2.03 g, 97%). Imine 371 was used without further purification. 
[a]20o +300 (c 1.0, CH2Ch); Vmax (film)/cm'! 3233 (O-H), 2956, 2869 (CH), 1635 (C=N), 
1558 (C=C), 1448, 1387, 1363 (C=C Ar), 1257, 1163, 1075, 1028 (C-O), 748 and 690 (C-
H Ar); OH (400 MHz, CDCh) 0.85 (3H, d, J 6.8, CH3), 0.92 (3H, d, J 6.8, CH3), 1.83-1.91 
(lH, m, (CH3)2CH), 2.86-2.91 (lH, m, CHN=), 3.77-3.89 (2H, m, CH20H), 4.53 (lH, br 
s, OH), 6.72 (lH, d, J 16.0, PhCH=CH), 6.81-6.87 (lH, m, CH=CHPh), 7.28-7.34 (5H, 
m, ArH) and 7.81 (IH, d, J8.8, N=CH); lie (100 MHz, CDCb) 19.17 (CH3), 20.04 (CH3), 
30.53 (CH), 64.50 (CH2), 79.63 (CH), 127.66 (2 x CH), 129.09 (2 x CH), 129.47 (CH), 
129.55 (CH), 135.92 (q), 142.67 (CH) and 164.12 (CH); mlz (El) 217 (M+, 20%),186 
(100), 174 (30), 130 (7), 115 (43), 91 (10) and 77 (4); Found C, 77.1; H, 8.7; N, 6.3%; 
(M+), 217.1467. C!4H!9NO requires C, 77.3; H, 8.8; N, 6.4%; (M+), 217.1467. 
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14. (2S)-2-But-2-enylideneamino-3-phenyl-propan-1-ol 
QYNVYMe 
HO 
346 
Crotonaldehyde 345 (5.40 g, 77.00 mmol) in dichloromethane (30 ml) was added 
dropwise to a stirred solution of L-phenylalaninol 227 (11.60 g, 77.00 mmol) in 
dichloromethaoe (70 ml) at room temperature and the mixture was left to stir for 10 min. 
Anhydrous magnesium sulphate (10.00 g) was added and the reaction was stirred for a 
further 10 min. Filtration aod removal of the solvent under reduced pressure yielded 
imine 346 (2.00 g, 98%) as an orange oil which was used immediately without further 
purification, due to its fairly unstable nature. [a]2oD -45.6° (c 1.0, CH2Ch); Vmax 
(film)/cm·1 3392 (O-H), 3025, 2913, 2865, 2854 (C-H), 1653, 1635, 1622 (C=N), 1618, 
1602 (C=C), 1495, 1452, (C=C Ar), 1375, 1145, 1080, 1046 (C-O), 979, 956, 747, 700 
(C-H Ar); OH (400 MHz, CD Ch) 1.76 (3H, d, J 6.6, CHl ), 2.71 (lH, dd, J 13.4 aod 8.6, 
PhCHH), 2.87 (lH, dd, J 13.4 aod 5.0, PhCHH), 3.26-3.32 (lH, m, CHCH20H), 3.70 
(JH, dd, J 11.4 aod 3.6, CHHOH), 3.74-3.80 (lH, m, CHHOH), 5.95-6.00 (lH, m, 
CH=CHCHl ), 6.10-6.14 (lH, m, CH=CHCHl ), 7.09-7.24 (5H, m, ArH) and 7.42 (lH, d, 
J 8.8, HC=N); oc(100 MHz, CDCh) 18.29 (CHl), 38.93 (CH2), 65.5 (CH2), 74.17 (CH), 
126.08 (CH), 128.21 (2 x CH), 129.63 (2 x CH), 131.33 (CH), 138.69 (q), 141.36 (CH) 
and 164.03 (CH); mlz (FAB) 204 «M+l)\ 60%),190 (19),178 (65),117 (52),105 (25), 
91 (100) and 77 (47). Found: (M+lt, 204.1389. C1lH17NO requires (M+lt, 204.1388. 
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15. (1S)-1-(Benzyloxy)-3-ph enyl-N-(3-ph enylallyliden e )pro pan-2-amin e 
o OlN~ 
OBn 
363 
Trans-Cinnamaldehyde (0.47 g, 3.52 mmol) in dichloromethane (10 ml) was added 
dropwise to a stirred solution of 362 (0.85 g, 3.52 mmol) in dichloromethane (20 ml) at 
room temperature and the mixture was left to stir for 10 min. Anhydrous magnesium 
sulphate (1.00 g) was added and the reaction was stirred for a further 10 min. Filtration 
and removal of the solvent under reduced pressure yielded imine 363 (1.2Ig, 97%) as an 
orange oil, which was used without further purification. Vm .. (fiIm)/cm·1 3059, 3027, 2924 
(C-H stretch), 1718, 1659 (C=N), 1495, 1451 (C=C Ar), 1270, 1176, 1115, 1071, 1027 
(C-O), 979, 911, 746 and 699 (C-H Ar); SH (400 MHz, CDCb) 2.88 (lH, dd, J 13.5 and 
8.4, PhCHH), 2.93 (lH, dd, J 13.5 and 5.1, PhCHH), 3.42-3.44 (lH, m, PhCH2CHN), 
3.71 (lH, dd, J 7.2 and 4.2, CHCHHO), 3.81 (lH, dd, J 7.2 and 4.0, CHCHHO), 4.55 
(2H, ab, PhCH20), 6.78 (lH, d, J 15.9, CH=CHPh), 6.89 (lH, dd, J 15.9 and 8.6, 
CH=CHPh), 7.11-7.52 (I5H, m, ArH) and 7.68 (lH, dd, J 7.5 and 4.0, HC=N); Se (100 
MHz, CDCh) 39.23 (CH2), 71.96 (CH), 73.27 (CH2), 74.20 (CH2), 126.23 (CH), 127.34 
(2 x CH), 127.47 (CH), 127.78 (2 x CH), 128.40 (CH), 128.51 (2 x CH), 128.75 (2 x 
CH), 128.80 (2 x CH), 129.21 (CH), 129.62 (2 x CH), 135.54 (q), 138.25 (q), 138.69 (q), 
141.45 (CH) and 164.08 (CH). 
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4.3.2. Preparation of Dienes 
16. (2S)-3-Ph enyl-2-(1-methyl-2-p henyleth-1-enyl-bu t-3-enylamin 0 )-propan-1-ol 
Crotylmagnesium bromide was prepared by dropwise addition of crotylbromide (85%, 
2.23 rnl, 19.5 mmol) to a flamed dry RBF containing iodine crystals and magnesium 
turnings (0.48 g, 19.50 mmol) in dry diethyl ether (40 ml) with ice cooling over a period 
of 10 min. After stirring for 1 hr at room temperature, imine 228 (2.00 g, 7.50 mmol) was 
added with ice cooling. The reaction was refluxed for a further 3 hrs before being 
quenched with water (10 ml) giving a bi-phasic mixture comprising of an opaque white 
lower layer and bright yellow transparent upper layer. The organic layer was decanted 
and the remaining aqueous layer was washed with a further 3 portion of diethyl ether (3 x 
20 ml). All the organic layers were combined and washed with 2M aqueous sodium 
hydroxide solution (2 x 20 ml) followed by brine (2 x 20 ml) and dried over anhydrous 
magnesium sulphate and filtered. Evaporation of the solvent under reduced pressure gave 
an impure sample of 2 diastereoisomers in 7:1 ratio of product 328. After column 
chromatography using petroleum ether and diethyl ether in the ratio of (10:1) gave the 
major isomer 328a as a white solid 1.20 g, 50% yield, unfortunately we were unable to 
isolate the minor isomer. [aj20D-36° (c 1.1, CH2Ch); Mp 75-77 °C; VIllaX (film)!cm· l 3322 
«O-H), 3024 (C=C-H), 2971, 2926 (CH), 1638, 1599, 1576 (C=C) 1494, 1454 (C-H), 
1030 (C-O), 747 and 694 (C-H Ar); OH (400 MHz, CDCh) 0.98 (3H, d, J 6.8, CH3), 2.18-
2.22 (!H, m, CH3CH), 2.74-2.77 (2H, m, PhCHzCH), 2.95-2.99 (2H, m, PhCH2CH and 
PhCH=CHCH), 3.30 (lH, dd, J 10.8 and 2.8, CHHOH), 3.62 (!H, dd, J 10.8 and 3.6, 
CHHOH), 5.03-5.07 (2H, m, CH=CHz), 5.58-5.65 (!H, m, CH=CHPh), 5.68-5.73 (lH, 
m, H2C=CH), 6.24 (lH, d, J 15.6, CH=CHPh) and 7.13-7.31 (lOH, rn, ArH); Oc (100 
MHz, CDCI3) 16.95 (CH3), 38.83 (CH2), 43.21 (CH), 56.23 (CH), 61.64 (CHz), 62.67 
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(CH), 115.32 (CH2), 126.28 (2 x CH), 126.41 (CH), 127.42 (CH), 128.51 (4 x CH), 
129.11 (2 x CH), 130.76 (CH), 131.47 (CH), 136.72 (q), 138.61 (q) and 141.27 (CH); mlz 
(FAB) 322 «M+lt, 46%), 290 (8), 266 (88),171 (59), 129 (26),115 (41) and 105 (15). 
Found: C, 82.5; H, 8.4; N, 4.7%; (M+ 1 t, 322.2175. C22Hz7NO requires C, 82.2; H, 8.5; 
N, 4.4%; (M+l)\ 322.2170. 
17. (2S)-3-Methyl-2-( {(IS)-1-[(E)-1-methyl-2-phenyleth-l-enyllbu t-3-
enyl}amino )butan-I-oI104 
~~ 
"h H3C~ 
331 
Crotylmagnesium bromide was prepared by the dropwise addition of crotyl bromide 
(85%) (9.10 ml, 57.5 mmol) to a RBF containing iodine crystals and magnesium turnings 
(1.38 g, 57.52 mmol) in dry diethyl ether (20 ml) with ice cooling over a period of 10 
min. After stirring for 1 hr at room temperature, imine 371 (5.00 g, 22.00 mmol) was 
added with ice cooling. This was refluxed for a further 3 hrs before being quenched with 
water (10 ml) giving a bi-phasic mixture comprising of an opaque white lower layer and 
bright yellow transparent upper layer. The organic layer was decanted and the remaining 
aqueous layer was washed with a further 3 portion of diethyl ether (3 x 20 ml). All the 
organic layers were combined and washed with 2M aqueous sodium hydroxide solution 
(2 x 20 ml) followed by brine (2 x 20 ml) and dried over anhydrous magnesium SUlphate 
and filtered. Evaporation of the solvent under reduced pressure gave a diastereomeric 
mixture of 331 as a yellow oil. After column chromatography using petroleum ether and 
diethyl ether in the ratio of (10:1) gave the single diastereoisomer 331 as a pale yellow 
oil, 2.60 g, 43% yield. Vmax (film)!cm'! 3433 (O-H), 3078, 3024 (N-H), 2957,2869 (CH), 
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1675, 1597, 1576 (C=C) 1493, 1447 (C=C Ar), 1121, 1069 (C-O), 750 and 691 (C-H Ar); 
OH (400 MHz, CDCh) 0.81 (3H, d, J 6.8 CH3CHCH3), 0.84 (3H, d, J 6.8, CH3CHCH3), 
0.97 (3H, d, J 6.8, CH3CHCH=CH), 1.69-1.71 (lH, m, (CH3)zCH), 2.19-2.26 (lH, m, 
CH3CH), 2.33-2.37 (1H, m, CHCH20H), 2.94-2.98 (lH, m, PhCH=CHCH), 3.41-3.48 
(2H, m, CH20H), 5.02-5.07 (2H, m, CH2=CH), 5.72-5.83 (lH, m, CH=CH2), 5.85-5.91 
(lH, m, CH=CHPh), 6.32 (lH, d, J 16.0, CH=CHPh) and 7.17-7.32 (SH, m, ArH); oe 
(100 MHz, CDCh) 16.92 (CH3), 19.00 (CH3), 20.61 (CH3), 29.31 (CH), 43.02 (CH), 
59.93 (CH2), 61.66 (CH), 63.95 (CH), 115.41 (CH2), 125.93 (CH), 126.70 (2 x CH), 
127.90 (CH), 129.01 (2 x CH), 131.35 (CH), 132.38 (CH), and 141.27 (q); m/z (FAB) 
274 (M+1)+, 20%, 218 (100), 170 (12), 131 (13), 115 (78), 104 (5), 91 (84) and 41 (10); 
Found: 274.2168. C1SH27NO requires (M+1t 274.2171. 
18. (2S)-3-Phenyl-2-(2-phenylsulfanyl-l-styryl-but-3-enylamino )-propan-l-ol and 
(2S)-3-Phenyl-2-(4-phenylsulfanyl-l-styryl-but-3-enylamino)-propan-l-ol 
~ ~V HO)PhS 
338a 
~~ Vu,,) 
HO 
338b 
~ 
SPh 
To a solution of allylphenyl sulfide (0.36 ml, 2.50 mmol) in anhydrous tetrahydrofuran 
(20 ml) was added 1.6 M solution of n-BuLi (1.56 ml, 2.50 mmol) dropwise at -78 DC and 
the orange mixture was stirred at 0 DC for 30 min. Titanium tetraisopropoxide (0.74 ml, 
2.50 mmol) was added to the resultant solution at -78 DC and stirred for a further 10 min. 
Imine 228 (0.33 g, 1.20 mmol) was added over a period of 5 min at -78 DC and the 
mixture was stirred at -78 DC for 10 min and then at 0 °c for 1 hr. The reaction was 
quenched with water and the organic layer was extracted with diethyl ether, dried over 
anhydrous magnesium sulphate, filtered and solvent removed under reduced pressure to 
give yellow oil as a mixture of 338a and 338b in the ratio of 5: 1 respectively. 
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Purification via flash column chromatography using cyclohexanes and diethyl ether (1: 1) 
gave 338a (0.32 g, 64% yield) as an orange oil and 338b (0.07 g, 14% yield) as a white 
solid. 
Analysis of 338a 
[a]zOD +6.1° (c 1.05, CHzClz); Vmax (film)/cm-1 3417 (O-H), 3078, 3023, 2921, 2866 (C-
H), 1651, 1633 (C=C), 1582 (N-H bend) 1494, 1478, 1451, 1438 (C=C Ar), 1025 (C-O), 
967, 743 and 691 (C-H Ar); OH (400 MHz, CDCh) 2.78-2.82 (2H, m, PhCHzCH), 2.99-
3.11 (!H, m, PhCHzCH), 3.47 (!H, dd, J 11.2 and 4.3, CHHOH), 3.57-3.60 (!H, m, 
PhSCH), 3.67-3.71 (!H, m, CHHOH), 3.80-3.84 (lH, m, PhCH=CHCH), 5.00-5.06 (2H, 
m, CH=CHz), 5.62-5.68 (2H, m, CH=CHPh and CH=CHz), 6.33 (!H, d, J 16.0, 
CH=CHPh), and 7.14-7.38 (15H, m, ArH); oc (100 MHz, CDCh) 38.09 (CHz), 57.26 
(CH), 57.29 (CH), 61.52 (CH), 62.01 (CHz), 118.84 (CHz), 126.58 (CH), 126.61 (2 x 
CH), 126.79 (CH), 127.38 (CH); 127.96 (CH), 128.55 (2 x CH), 128.80 (2 x CH), 128.92 
(2 x CH), 129.3 (2 x CH), 132.75 (2 x CH), 133.98 (CH), 134.74 (CH), 136.05 (q) 137.79 
(q) and 165.79 (q); mlz (FAB) 416 «M+1t, 6%),306 (8), 266 (100),155 (73), 123 (20), 
115 (30), 105 (16), 91 (88) and 77 (18). Found: (M+!)\ 416.2041. Cz7Hz9NOS requires 
(M+!t, 416.2048. 
Analysis of 338b 
[afOD _7.2° (c 1.0, CHzCIz); Mp 102-105 °C; Vmax (film)/cm-1 3386 (O-H), 3056, 3022, 
2922 (C-H), 1651 (C=C), 1582 (N-H bend), 1494, 1478, 1451, 1438 (C=C Ar), 1024 (C-
O), 967, 739 and 691 (C-H Ar); OH (400 MHz, CDCh) 2.41-2.47 (2H, m, 
CHzCH=CHSPh), 2.76 (2H, ab, PhCHz), 3.03-3.05 (!H, m, PhCHzCH), 3.29-3.34 (IH, 
m, PhCH=CHCH), 3.36 (lH, dd, J 10.8 and 3.5, CHHOH), 3.65 (lH, dd, J 10.8 and 3.8, 
CHHOH), 5.71 (lH, dd, J 15.9 and 8.4, PhCH=CH), 5.81 (lH, ddd, J 16.6,9.3 and 7.3, 
CH=CHSPh), 6.26-6.30 (2H, m, CHSPh and CHPh), and 7.15-7.32 (l5H, m, ArH); Oc 
(100 MHz, CDCI3) 35.83 (CH2), 38.72 (CH2) , 56.58 (CH), 57.96 (CH), 62.09 (CH2), 
125.51 (CH), 126.32 (CH), 126.36 (2 x CH), 126.48 (CH), 127.52 (CH), 128.50 (2 x CH), 
128.57 (2 x CH), 128.82 (2 x CH), 129.93 (CH), 128.98 (2 x CH), 129.226 (2 x CH), 
131.06 (CH), l3lA5 (CH), 136.00 (q), 136.54 (q) and 138.42 (q); m/z (El) 415 (M', 5%), 
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266 (95), 248 (7),155 (20),132 (27),115 (55),105 (10), 91 (lOO) and 77 (30). Found: C, 
77.9; H, 7.0; N, 3.3%; M", 415.1979. C27H29NOS requires C, 78.0; H, 7.0; N, 3.4%; M+, 
415.1970. 
19. (2S)-2-[1-(Methyl-allyl)-but-2-enylamino]-3-phenyl-propan-1-01 
~~yYMe 
vu,,).~ HO Me 
347 
Crotylmagnesium bromide was prepared by dropwise addition of crotylbromide (85%) 
(2.23 ml, 19.5 mmol) to a flamed dry RBF containing iodine crystals and magnesium 
turnings (0.48 g, 19.50 mmol) in dry diethyl ether (40 ml) with ice cooling over a period 
of 10 min. After stirring for 1 hr at room temperature, imine 346 (1.52 g, 7.50 mmol) was 
added with ice cooling. The reaction was refluxed for a further 3 hrs before being 
quenched with water (10 ml) giving a bi-phasic mixture comprising of an opaque white 
lower layer and bright yellow transparent upper layer. The organic layer was decanted 
and the remaining aqueous layer was washed with a further 3 portion of diethyl ether (3 x 
20 ml). All the organic layers were combined and washed with 2M aqueous sodium 
hydroxide solution (2 x 20 ml) followed by brine (2 x 20 ml), dried over anhydrous 
magnesium sulphate and filtered. Evaporation of the solvent under reduced pressure gave 
an impure sample of brown oil. After column chromatography using petroleum ether and 
diethyl ether in the ratio of (10:1) gave 347 as a yellow crystalline solid (1.12 g, 57% 
yield). [a]2oD +11° (c 1.2, CH2Ch); Mp 66-70 °C; Vmax (fiIm)/cm-1 3384 (a-H), 3061, 
3024 (C=C-H), 2960,2926 (CH), 1637, 1601 (C=C) 1494, 1454 (C=C Ar), 1030 (C-O), 
969, 913, 797, 743 and 699 (C-H Ar); OH (400 MHz, CDCb) 0.93 (3H, d, J 6.9, CH3), 
1.62 (3H, dd, J 6.4 and 1.6, CH=CHCH3), 2.22-2.24 (lH, m, CH3CHCH), 2.67 (lH, dd, J 
13.5 and 8.3, PhCHH), 2.73 (lH, dd,J 13.5 and 6.4, PhCHH), 2.80 (lH, dd, J8.9 and 4.6, 
NHCHCH), 2.86 (lH, m, CH2CHNH) 3.30 (lH, dd, J 10.5 and 3.3, CHHOH), 3.52 (lH, 
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dd, J 10.5 and 3.9, CHHOH), 4.94-4.95 (lH, m, CH=CHCH3), 4.97-4.98 (2H, m, 
CH=CH2), 5.02-5.03 (IH, m, CH=CHCH3), 5.57-5.60 (IH, m, CH=CH2), and 7.13-7.29 
(5H, m, ArH); Qc (100 MHz, CD Ch) 16.75 (CH3), 17.71 (CH3), 38.83 (CH2), 42.83 (CH), 
56.04 (CH), 61.69 (CH2), 62.13 (CH), 115.43 (CH2), 126.40 (CH), 128.03 (CH), 128.48 
(2 x CH), 129.28 (2 x CH), 130.50 (CH), 138.60 (q) and 140.52 (CH); mlz (FAB) 260 
«M+1t, 100%),228 (19), 218 (10), 204 (95),168 (19),152 (30),120 (23), 109 (64), 91 
(61),81 (21),67 (34) and 55 (21). Found: C, 78.7; H, 9.4; N, 5.3%; (M+1t, 260.2012. 
C17H2sNO requires C, 78.7; H, 9.7; N, 5.4%; (M+ It, 260.2014. 
20. (2S)-3-Phenyl-2-[l-(l-phenylsulfanyl-allyl)-but-2-enylamino)-propan-l-ol and 
(2S)-3-Phenyl-2-[l-(3-phenylsulfanyl-allyl)-but-2-enylamino)-propan-l-ol 
348a 348b 
To a solution of allyl phenyl sulfide (6.31 ml, 43.0 mmol) in anhydrous THF (20 ml) was 
added 2.5 M solution of n-BuLi (17.2 ml, 43.00 mmol) dropwise at -78 °C and the orange 
mixture was stirred at 0 °c for 30 min. Titanium tetraisopropoxide (I2.69 ml, 43.00 
mmol) was added to the resultant solution at -78°C and stirred for a further 10 min. 
Imine 346 (3.64 g, 18.00 mmol) was added over a period of 5 min at -78°C and the 
mixture was stirred at the same temperature for 10 min and then at 0 °c for 1 hr. The 
reaction was quenched with water and the organic layer was extracted with diethyl ether, 
dried over anhydrous magnesium sulphate, filtered and solvent removed under reduced 
pressure to give yellow oil as a mixture of 348a and 348b in the ratio of 5: 1 respectively. 
Purification via flash column chromatography using petroleum ether and diethyl ether 
(3:1) gave 348a as a yellow solid (2.67 g, 42% yield) and 348b as a white solid (0.64 g, 
10% yield). 
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Analysis of 348a 
[a]20D 44.0° (c 1.1, CH2Ch); Mp 63-66 °C; Vmax (filrn)/crn-1 3413 (O-H), 3058, 3023, 
2914,2853 (C-H), 1666, 1632, 1601 (C=C), 1582 (N-H bend), 1494, 1478, 1452, 1437 
(C=C Ar), 1067, 1025, (C-O), 967, 919, 741 and 699 (C-H Ar); OH (400 MHz, CDCh) 
1.63 (3H, dd J 6.4 and 1.6 CH), 2.70-2.78 (2H, rn, PhCH2), 2.90-2.94 (!H, rn, 
PhCH2CH), 3.21-3.24 (lH, rn, CHCH=CHCH3), 3.30 (IH, dd, J 10.8 and 3.7, CHHOH), 
3.55-3.63 (2H, rn, CHHOH and CHSPh), 4.89-5.01 (3H, rn, CH=CHCH3 and CH=CH2), 
5.38-5.44 (!H, rn, CH=CHCH3), 6.60-5.70 (!H, rn, CH=CH2) and 7.09-7.36 (IOH, rn, 
ArH); oe (lOO MHz, CDCb) 17.73 (CH), 38.74 (CH2), 56.78 (CH), 58.01 (CH), 61.05 
(CH), 62.27 (CH2), 117.74 (CH2), 126.45 (CH), 127.05 (CH), 128.48 (2 x CH), 128.73 (2 
x CH), 128.93 (CH), 129.31 (2 x CH), 129.75 (CH), 132.54 (2 x CH), 134.80 (q), 135.68 
(CH) and 138.55 (q); mlz (FAB) 354 «M+lt, 18 %),322 (5), 244 (11), 204 (lOO), 123 
(28),105 (15), 93 (87) and 77 (30). Found: C, 74.4; H, 7.5; N, 3.8%; (M+I)\ 354.1895. 
C22H27NOS requires C, 74.7; H, 7.7; N, 3.9%; (M+1t, 354.1892. 
Analysis of 348b 
[afOD _12.0° (c 0.2, CH2Ch); Mp 67-70 °C; Vmax (filrn)/crn-1 3399(O-H), 3023, 2914 (C-
H), 1601 (C=C), 1582 (N-H bend), 1494, 1478, 1438 (C=C Ar), 1376, 1345, 1068, 1024 
(C-O), 967, 738 and 690 (C-H Ar); OH (400 MHz, CDCb) 1.63 (3H, d, J 6.4, CH3), 2.28-
2.36 (2H, rn, CH2CH=CH), 2.73-2.75 (2H, rn, PhCH2), 2.96-2.98 (lH, rn, PhCH2CH), 
3.09-3.11 (!H, rn, CHCH=CH), 3.29 (!H, dd, J 10.6 and 3.8, CHHOH), 3.57 (IH, dd, J 
10.6 and 3.8, CHHOH), 5.01-5.03 (lH, rn, CH=CHCH), 5.38-5.42 (!H, rn, 
CH=CHCH3), 5.77-5.81 (IH, rn, CH=CHSPh), 6.26 (!H, d, J 9.3, CH=CHSPh), and 
7.15-7.32 (lOH, rn, ArH); oc(IOO MHz, CDCb) 17.65 (CH3), 35.89 (CH2), 38.79 (CH2), 
56.56 (CH), 57.75 (CH), 62.04 (CH2), 124.90 (CH), 126.27 (CH), 126.39 (CH), 126.84 
(CH), 128.46 (2 x CH), 128.89 (2 x CH), 128.98 (2 x CH), 129.27 (2 x CH), 129.62 (CH), 
133.17 (CH), 136.24 (q) and 138.58 (q); mlz (El) 353 (M+, 24%),204 (lOO), 149 (13), 
123 (41), 105 (17), 91 (73) and 77 (26). Found: C, 74.5; H, 7.6; N, 3.9%; M+, 353.1817. 
C22H27NOS requires C, 74.7; H, 7.7; N, 3.9%; M+, 353.1813. 
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4.3.3. Anionic Amino-Cope Rearrangements 
21. 3-Phenylhepta-S-enal and 4-methyl-3-phenylhex-S-enal from (2S)-3-Phenyl-2-
(1-methyl-2-p h enyleth-l-enyl-bu t-3-enylamin 0 )-p ropan-l-ol 
o Ph 
~CH3 H 
329a 
H~ 
CH3 
329b 
Diene 328a (0.85 g, 2.64 mmol) was dried in vacuo for 1 hr then dissolved in anhydrous 
tetrahydrofuran (20 ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution of n-butyllithium in hexanes (2.75 ml, 6.87 mmol) was added 
drop wise via a syringe over a course of 5 min and the resulting mixture was stirred for 30 
min before warming to room temperature. The reaction was heated under reflux for 1 hr 
and then quenched with water (0.5 ml). The mixture was dried over anhydrous sodium 
sulphate, filtered through a small pad of celite and solvent removed under reduced 
pressure to give an orange oil. This was purified by flash column chromatography on 
silica gel using an eluent mixture of light petroleum ether/diethyl ether (10: 1), which 
hydrolysed the crude oXa2olidine giving diastereomeric aldehyde 329a [3,3] product and 
the 329b [1,3] product in a ratio of ca. 2:1 as an orange oil (0.30 g, 60 %); Vmax (fiIm)/cm-
1 3024, 2920, 2720 (C-H stretch), 1723 (C=O), 1601 (C=C), 1493, 1452, 1404, 1371 
(C=C, Ar), 968,916,761 and 700 (C-H, Ar); mlz (El) 188 (M+, 11 %), 170 (20), 144 (18), 
105 (100),91 (30),77 (26) and 51 (12); 
Analysis of 329a Cis 
OH (400 MHz, CDCh) 1.61 (3H, d, J 6.8, CH3), 2.42-2.45 (2H, m, HC=CHCH2), 2.74-
2.76 (2H, m, CH2CHO), 3.22-3.25 OH, m, PhCH), 5.20-5.32 (lH, m, CH3CH=CH), 5.47-
5.52 (lH, m, CH3CH=CH), 7.20-7.35 (5H, m, ArH) and 9.67 (lH, t, J 2.0, CH=O); Oc 
(100 MHz, CDCh) 12.88 (CH3), 33.95 (CH2), 40.10 (CH), 49.38 (CH2), 126.23 (CH), 
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126.65 (CH), 127.37 (CH), 127.46 (2 x CH), 128.60 (2 x CH), 142.57 (CH) and 143.67 
(q); 
Analysis of 329a Trans 
OH (400 MHz, CDCb) 1.60 (3H, d, J 6.4, CH3), 2.39-2.41 (2H, m, HC=CHCH2), 2.68-
2.70 (2H, m, CH2CHO), 3.22-3.26 (lH, m, PhCR), 4.93-5.00 (lH, m, CH3CH=CH), 5.47-
5.61 (lH, m, CH3CH=CR), 7.20-7.35 (SH, m, ArR) and 9.66 (lH, t, J 2.0, CH=O); Oc 
(lOO MHz, CDCb) 17.92 (CH3), 39.92 (CH2), 40.25 (CH), 49.26 (CH2), 126.68 (CH), 
126.59 (CH), 127.46 (CH), 128.25 (2 x CH), 128.65 (2 x CH), 142.57 (CH) and 143.77 
(q); 
Analysis of 329b Erytltro 
OH (400 MHz, CDCb) 0.97 (3H, d, J 6.8, CH3), 2.44-2.46 (lH, m, H2C=CHCR), 2.70 
(2H, dd, J 7.5 and 2.0, CH2CHO), 3.21-3.27 (lH, m, PhCR), 4.92-5.00 (2H, m, 
CH2=CH), 5.55-5.66 (lH, m, CH2=CR), 7.20-7.35 (SH, m, ArR) and 9.64 (lB, t, J 2.0, 
CH=O); Oc (100 MHz, CDCb) 17.39 (CH3), 42.70 (CH), 44.76 (CH), 48.59 (CH2), 
115.34 (CH2), 126.59 (CH), 127.47 (CH), 128.17 (2 x CH). 128.56 (2 x CH), 140.88 (CH) 
and 142.52 (q); 
Analysis of 329b Tltreo 
OH (400 MHz, CDCb) 0.81 (3H, d, J 6.8, CH3), 2.34-2.37 (lH, m, H2C=CHCR), 2.81-
2.89 (2H. m, CH2CHO), 2.97-3.02 (lH, m, PhCR), 5.03-5.09 (2H, m, CH2=CH), 5.59-
5.70 (lH, m, CH2=CR), 7.20-7.35 (5H, m, ArR) and 9.58 (IH, ab, CH=O); Oc (lOO MHz, 
CDCb) 18.81 (CH3), 44.49 (CH). 45.52 (CH), 46.57 (CH2), 115.14 (CH2), 126.01 (CH), 
127.45 (CH), 127.89 (2 x CH), 128.50 (2 x CH), 140.88 (CH) and 141.17 (q); 
IH NMR and I3C NMR analysis of each isomer was done with the aid ofTOCSY. 
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22. 3-Phenylhepta-S-enaI and 4-methyI-3-phenylhex-S-enaI from (2S)-3-MethyI-2-
({ (1S)-1-[(E)-1-methyI-2-phenyleth-1-enyljbut-3-enyI}amino )butan-l_oI,04 
H~ 
329a CH3 
329b 
Diene 331 (0.34 g, 1.23 mmol) was dried in vacuo for 1 hr then dissolved in anhydrous 
THF (20 ml) under inert atmosphere and cooled to -78 DC in dry ice/acetone slush bath. 
2.5 M solution of n-BuLi in hexanes (1.47 ml, 3.69 mmol) was added dropwise via 
syringe over 5 min and the resulting mixture was stirred for 30 min before warming to 
room temperature. The reaction was heated under reflux for 1 hr before being quenched 
with water (0.5 ml). The mixture was dried over anhydrous sodium sulphate, filtered 
through a small pad of celite and solvent removed under reduced pressure to give 
oxazolidine as an orange oil. Hydrolysis and purification via flash column 
chromatography on silica gel using light petroleum ether/diethyl ether (10: 1) as the eluent 
gave a mixture of inseparable diastereomeric aldehyde 329a ([3,3] product) and the by 
product 329b ([1,3] product) in the ratio of 1:1 as an orange oil (0.15 g, 65%). The 
analysis corresponds to that described for experiment 21 
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23. 3-PhenyI-6-phenyIsulfanyI-hex-5-enaI and 3-PhenyI-4-phenyIsulfanyI-hex-5-enaI 
from (2S)-3-PhenyI-2-(2-phenyIsulfanyI-l-styryI-but-3-enylamino)-propan-l-oI 
H 
o Ph 
~SPh 
343a 
H~ 
SPh 
343b 
Diene 338a (0.86 g, 2.30 mmol) was dried in vacuo for I hr then dissolved in anhydrous 
tetrahydrofuran (20 ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution ofn-butyllithium in hexanes (2.71 ml, 6.70 mmol) was added 
dropwise via a syringe over 5 min. The resulting mixture was stirred for 1 hr before 
warming to room temperature and stirred for a further 2 hrs at room temperature, then 
quenched with water (0.5 ml). The mixture was dried over anhydrous sodium sulphate, 
filtered through a small pad of celite and the solvent removed under reduced pressure to 
give orange oil. Hydrolysis via flash column chromatography, using ethyl acetate as the 
eluent gave crude aldehyde mixture of both the [3,3] 343a and the [1,3] 343b product in 
the ratio of 2: 1. The aldehyde was further purified via column chromatography using 
petroleum ether/ethyl acetate (10: I) and managed to isolate aldehyde 343a (0.23 g, 35% 
yield) and 343b (0.11 g, 18% yield) as a yellow oil. 
Analysis of 343a 
[a]20D _6.0° (c 0.8, CH2Ch); Vtnax (film)/cm'l 3057,3025,2926 (C-H), 1721 (C=O), 1588, 
1493,1478,1438 (C=C), 740, 700 and 668 (C-H Ar); OH (400 MHz, CDCh) 2.49 (2H, t, J 
7.5, CH2CH=CH), 2,70 (2H, dd, J7,3 and 1.8, CH2CHO), 3,33-3,36 (lH, m, PhCH), 5,78 
(lH, m, CH=CHSPh), 6.04 (lH, d, J 13.7, CHSPh), 7.08-7.23 (lOH, m, ArH) and 9.69 
(lH, t, J 1.8, CHO); oc (100 MHz, CDCh) 39.81 (CH), 40.01 (CH2), 49.44 (CH2), 124.29 
(CH), 126.26 (CH), 126.86 (CH), 127.53 (2 x CH), 128.79 (2 x CH), 128.81 (2 x CH), 
128.93 (2 x CH), 132.83 (CH), 135.83 (q), 142.83 (q) and 201.48 (CH); mlz (El) 282 (M+, 
15%), 238 (6), 173 (9), 149 (lOO), 129 (19), 105 (21), 91 (25), 77 (21), 65 (11) and 51 
(10). Found: M+, 282.1078. CI8HISOS requires: W 282.1078. 
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Analysis of 343b 
[a]20D 20.6° (c 0.3, CH2CIz); Vrnax (film)/cm-1 2925,2882 (C-H), 1722 (C=O), 1601, 1588 
(C=C), 1494, 1478, 1438,751 and 700 (C-H Ar); QH (400 MHz, CDCh) 2.70-2.71 (2H, 
m, CH2CHO), 3.16-3.22 (!H, m, PhCH), 3.47-3.50 (!H, m, PhSCH), 5.04 (2H, dd, J 
16.9 and 10.0, CH=CH2), 5.78-5.85 (!H, m, CH=CH2), 7.08-7.26 (lOH, m, ArH) and 
9.52 (!H, t, J 1.92, CHO); Qc (100 MHz, CDCIJ) 37.19 (CH), 42.28 (CH), 46.33 (CH2), 
117.64 (CH2), 126.22 (CH), 126.43 (2 x CH), 128.35 (4 x CH), 128.79 (CH), 129.01 
(CH), 129.85 (CH), 130.75 (CH), 133.60 (q), 142.63 (q) and 202.66 (CH); mlz (El) 281 
«M-It, 12%), 265 (4), 205 (8), 173 (12), 129 (40), 105 (80), 91 (lOO) and 77 (11); 
Found (M-It, 281.0995. C1sHlSOS requires (M-It, 281.1000. 
24. 3-Phenyl-6-phenylsulfanyl-hex-S-enal and 3-Phenyl-4-phenylsulfanyl-hex-S-enal 
from (2S)-3-Phenyl-2-(4-phenylsulfanyl-l-styryl-but-3-enylamino)-propan-I-ol 
o Ph 
~SPh 
H 
343a 
H~ 
SPh 
343b 
Diene 338b (0.1 0 g, 0.26 mmol) was dried in vacuo for 1 hr then dissolved in anhydrous 
tetrahydrofuran (10 ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution ofn-butyllithium in hexanes (0.31 ml, 0.78 mmol) was added 
dropwise via syringe over a period of 5 mins and the resulting mixture was stirred for 1 hr 
at -78°C and then for a further 2 hrs at room temperature. The reaction was quenched 
with water (0.5 ml), dried over anhydrous sodium sulphate, filtered through a small pad 
of celite and solvent removed under reduced pressure to give an orange oil. Hydrolysis 
and purification via flash column chromatography gave aldehyde 343a and 343b in the 
ratio of I :2.5 with a combined yield of 0.036 g, 49%. The analysis corresponds to that 
described for experiment 23. 
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25. 3-Methyl-hept-5-enal and 3,4-Dimethyl-hex-5-enal from (2S)-2-[I-(Methyl-allyl)-
but-2-enylaminoJ-3-phenyl-propan-l-ol 
o Me 
H ~Me 
349. H~ Me 
349b 
Diene 347 (0.12 g, 0.46 mmol) was dried in vacuo for 1 hr then dissolved in anhydrous 
tetrahydrofuran (20 ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution of n-butylIithium in hexanes (0.56 ml, 1.38 mmol) was added 
dropwise via a syringe over 5 min and the resulting mixture was stirred for 30 min before 
warming to room temperature. The reaction was heated under reflux for 2 hrs before 
being quenched with water (0.5 ml). The mixture was dried over anhydrous sodium 
sulphate, filtered through a small pad of celite and solvent removed under reduced 
pressure to give orange oil. Hydrolysis via flash column chromatography gave aldehydes 
349a and 349b in a combined yield of 0.015 g, 25%. OH (400 MHz, CDCh) 0.78-0.94 
(9H, m, CH2CHCH3 both isomers and CH3CHCH=CH2 349b), 1.53-1.58 (3H, 2 x d, J 6.8 
and 4.9 CH=CHCH3 349a), 1.89-2.13 (5H, m, CH2CHCH3 both isomers, HC=CHCH2 
349a and CHCH=CH2 349b), 2.33-2.43 (4H, m, CH2CHQ both isomers), 4.89-4.95 (2H, 
m, CH2=CH 349b), 5.31-5.35 (lH, m, CH3CH=CH 349a) 5.41-5.49 (!H, m, CH3CH=CH 
349a), 5.58-5.65 (lH, m, CH2=CH349b) and 9.67 (!H, t, CH=Q both isomers); 
Full analysis was not possible due to the unstable nature ofthe aldehyde. 
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26. 3-Methyl-6-phenylsulfanyl-hex-5-enal and or 3-Methyl-4-phenylsulfanyl-hex-5-
enal from (2S)-3-Phenyl-2-[I-(I-phenylsulfanyl-aIIyl)-but-2-enylamino J-propan-I-ol 
o Me 
~SPh 
H 
350a 
H~ 
SPh 
350b 
Diene 348a (0.12 g, 0.34 mmol) was dried in vacuo for 1 hr then dissolved in anhydrous 
tetrahydrofuran (20 ml) under inert atmosphere and cooled to -78°C in dry ice/acetone 
slush bath. 2.5 M solution of n-butyllithium in hexanes (0.34 ml, 0.85 mmol) was added 
dropwise via a syringe over 5 min and the resulting mixture was stirred for 60 min before 
warming to room temperature. The reaction was heated under reflux for 1 hr 30 min 
before being quenched with water (0.5 ml). The mixture was dried over anhydrous 
sodium sulphate, filtered through a small pad of ceIite and solvent removed under reduced 
pressure to give orange oil. Hydrolysis and purification via flash column chromatography 
gave inseparable aldehyde 350a and 350b in a 1: 1 ratio with a combined yield of 0.017 g, 
22%. Vmax (film)/cm'! 3056, 2958, 2927 (C-H), 1722 (C=O), 1582, 1478, 1437 (C=C), 
740 and 690 (C-H Ar); OH (400 MHz, CDCb) 0.94-0.97 (3H, 2 x d, J 6.3 and 6.2 CH] 
350b), 1.75-1.80 (3H, 2 x d, J7.0 and 5.9 CH] 350a), 2.20 (2H, m, CH2HC=CH 350a), 
2.35 (IH, m, CHCH] 350a and 350b), 2.53-2.61 (2H, m, CH2CHO 350b), 2.60-2.80 (2H, 
m, CH2CHO 350a), 3.41-3.65 (!H, m, CH]CHCHSPh 350b), 4.82-4.97 (2H, m, CH=CH2 
350b), 5.57-5.67 (IH, m, CH=CH2 350b), 5.74-5.84 (!H, m, CH2CH=CHSPh 350a), 
6.08-6.25 (!H, 2 x d, J 14.9 and 9.2, CH=CHSPh 350a), 7.19-7.30 (5H, m, ArH both 
isomers) and 9.67-9.71 (!H, CHO both isomers); mlz (El) 220 (M+, 20%), 176 (28),161 
(4), 149 (30), 123 (6), 110 (100), 105 (9), 93 (35) and 77 (1 I). Found: M+, 220.0919. 
C1]HI60S requires M+, 220.0922. 
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4.3.4. Anionic Amino-Cope Rearrangement in the Presence of Different Solvents 
and Additives 
General Method for Dienes 328a and 331 
Dienes were dried in vacuo for 1 hr then dissolved in anhydrous solvent (THF, hexanes, 
diethyl ether or toluene) under inert atmosphere. Additive (DMPU, TMEDA or (-)-
sparateine) (10 eq.) in anhydrous solvent (THF, hexanes, diethyl ether or toluene) was 
added and the reaction mixture was cooled to -78°C in dry ice/acetone slush bath. 2.5 M 
solution of n-butyllithium in hexanes (3 eq.) was added dropwise via a syringe over a 
course of 5 min and the resulting mixture was stirred for 30 min before warming to room 
temperature. The reaction was heated under reflux for 1 hr and then quenched with water 
(0.5 ml). The mixture was dried over anhydrous sodium sulphate, filtered through a small 
pad of celite and solvent removed under reduced pressure. The crude oxazolidine was 
hydrolysed and purified by flash column chromatography on silica gel. 
General Method for Dienes 338a and 338b 
Dienes were dried in vacuo for 1 hr then dissolved in anhydrous solvent (THF or 
hexanes) under inert atmosphere. Additive (DMPU or TMEDA) (10 eq.) in anhydrous 
solvent (THF or hexanes) was added and the reaction mixture was cooled to _78°C in dry 
ice/acetone slush bath. 2.5 M solution of n-butyllithium in hexanes (3 eq.) was added 
dropwise via a syringe over a course of 5 min and the resulting mixture was stirred for 1 
hr before warming to room temperature and stirred for a further 2 hrs at room 
temperature, then quenched with water (0.5 ml). The mixture was dried over anhydrous 
sodium sulphate, filtered through a small pad of celite and solvent removed under reduced 
pressure. The crude oxazolidine was hydrolysed and purified by flash column 
chromatography on silica gel. 
General Method for Diene 347 
Diene 347 was dried in vacuo for 1 hr then dissolved in anhydrous solvent (THF or 
hexanes) under inert atmosphere. Additive (DMPU or TMEDA) (10 eq.) in anhydrous 
solvent (THF or hexanes) was added and the reaction mixture was cooled to -78°C in dry 
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ice/acetone slush bath. 2.5 M solution of n-butyllithium in hexanes (3 eq.) was added 
dropwise via a syringe over a course of 5 min and the resulting mixture was stirred for 30 
min before warming to room temperature. The reaction was heated under reflux for 2 hrs 
and then quenched with water (0.5 ml). The mixture was dried over anhydrous sodium 
sulphate, filtered through a small pad of celite and solvent removed under reduced 
pressure. The crude oxazolidine was hydrolysed and purified by flash column 
chromatography on silica gel. 
General Method for Diene 348a 
Diene 348a was dried in vacuo for 1 hr then dissolved in anhydrous solvent (THF or 
hexanes) under inert atmosphere. Additive (DMPU or TMEDA) (10 eq.) in anhydrous 
solvent was added and the reaction mixture was cooled to _78°C in dry ice/acetone slush 
bath. 2.5 M solution of n-butylIithium in hexanes (3 eq.) was added dropwise via a 
syringe over a course of 5 min and the resulting mixture was stirred for 1 hr before 
warming to room temperature. The reaction was heated under reflux for 1 hr 30 min and 
then quenched with water (0.5 ml). The mixture was dried over anhydrous sodium 
sulphate, filtered through a small pad of celite and solvent removed under reduced 
pressure. The crude oxazolidine was hydrolysed and purified by flash column 
chromatography on silica gel. 
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4.3.S. Thermal Amino-Cope Rearrangements 
27. (R)-3-Phenylhex-S-enal 
o Ph 
H~ 
225 
In a RBF dowtherm A (5 ml) was placed and heated to 220 DC. Diene 229 (0.27 g, 0.89 
mmol) was added and heated under reflux for 4 hrs. The reaction was allowed to cool to 
room temperature and dowtherm A was removed via flash column chromatography by 
initially eluting with cyclohexanes. Once all the dowtherm was removed aldehyde 22S 
was collected by eluting the column with ethyl acetate to give an orange oil (0.10 g, 63% 
yield). The analysis corresponds to that described for experiment 4. 
e.e. 15% measured by derivatisation with (-)-ephedrine, see experiment 5. 
28. 3-Phenylhepta-S-enal from (2S)-3-Phenyl-2-(1-methyl-2-phenyleth-l-enyl-but-3-
enylamino)-propan-l-ol 
o Ph 
H~CH3 
329a 
In a RBF, dowtherm A (5 m!) was placed and heated to 220 DC. Diene 328a (0.31 g,0.96 
mmol) was added and heated at this temperature for 4 hrs. The reaction was allowed to 
cool to room temperature. Hydrolysis and purification via flash column chromatography, 
initially with cyclohexanes and then with ethyl acetate yielded the [3,3] aldehyde product 
329a in a 1:1 ratio of cisltrans isomers with combined yield of 0.11 g, 60%. The analysis 
corresponds to that described for experiment 21. 
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29. 3-Phenyl-6-phenylsulfanyl-hex-5-enal from (2S)-3-Phenyl-2-(2-phenylsulfanyl-l-
styryl-but-3-enylamino)-propan-I-ol 
o Ph 
H~SPh 
343a 
In a RBF, dowtherrn A (5 ml) was placed and heated to 180°C. Diene 338a (0.13 g, 0.35 
mmol) was added and heated at this temperature for I hr 30 min. The reaction was 
allowed to cool to room temperature. Hydrolysis and purification via flash column 
chromatography, initially with cyclohexanes and then with ethyl acetate yielded the [3,3] 
aldehyde product 343a in a 1: 1 ratio of eis/trans isomers with combined yield of 0.029 g, 
29%. The analysis corresponds to that described for experiment 23. 
30. 3-Phenyl-6-phenylsulfanyl-hex-5-enal and 3-Phenyl-4-phenylsulfanyl-hex-5-enal 
from (2S)-3-Ph enyl-2-( 4-ph enylsulfanyl-l-styryl-bu t-3-enylamin 0 )-propan-I-ol 
H~ o Ph ~SPh H 
SPh 
343a 343b 
In a RBF, dowtherrn A (5 ml) was placed and heated to 180°C. Diene 338b (0.06 g, 0.15 
mmol) was added and heated for a further 1 hr 30 min. The reaction was allowed to cool 
to room temperature and dowtherrn A was removed via flash column chromatography by 
initially eluting with petroleum ether. Once all the dowtherrn was removed aldehyde 343 
was collected by eluting the column with ethyl acetate to give an orange oil with the 
mixture of both [3,3] 343a (cis to trans ratio of 1:1.2) and [1,3] 343b product in a 3:1 
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ratio with a combined yield of 0.017 g, 40%. The analysis corresponds to that described 
for experiment 23. 
31. 3-Methyl-hept-5-enal from (2S)-2-[l-(Methyl-allyl)-but-2-enylamino]-3-phenyl-
propan-l-ol 
o Me 
H ~Me 
349a 
In a REF, dowtherm A (5 ml) was placed and heated to 220 QC. Diene 347 (0.10 g, 0.42 
mmol) was added and heated for a further 2 hrs. The reaction was allowed to cool to 
room temperature and dowtherm A was removed via flash column chromatography by 
initially eluting with petroleum ether. Once all the dowtherm was removed aldehyde 349 
was collected by eluting the column with ethyl acetate to give the [3,3] rearranged 
aldehyde 349a as an orange oil in a eis/trans ratio of 1:2.3. The combined yield of 
aldehyde 349a was 0.011 g, 21%. The analysis corresponds to that described for 
experiment 25. 
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32. 3-Methyl-6-phenylsulfanyl-hex-5-enal from (2S)-3-Phenyl-2-[l-(1-
phenylsulfanyl-allyl)-but-2-enylamino]-propan-l-ol 
o Me 
H~SPh 
350a 
In a RBF, dowtherm A (5 ml) was placed and heated to 170 DC. Diene 348a (0.06 g, 0.15 
mmol) was added and heated under reflux for 1 hr 30 min. The reaction was allowed to 
cool to room temperature and dowtherm A was removed via flash column 
chromatography by initially eluting with cyclohexanes. Once all the dowtherm was 
removed aldehyde 350 was collected by eluting the column with ethyl acetate to yield the 
[3,3] aldehyde product 350a as an orange oil (0.01 g, 30% yield) in a 1:1.3 ratio of 
cisltrans isomers. The analysis corresponds to that described for experiment 26. 
4.3.6. Attempted Metal Catalysed Amino-Cope Rearrangements 
33. Attempted Synthesis of (2R)-3-Phenyl-2-([(1E)-3-phenylhexa-l,5-
dienyl]amino)propan-l-ol using Palladium (11) Catalyst 
372 
To a flamed dried RBF, Diene 229 (1.00 g, 3.30 mmol) was added to PdCIz(phCN)2 (0.09 
g, 0.33 mmol) in toluene (10 ml) and the reaction was stirred at room temperature under 
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inert atmosphere. The progression of the reaction was monitored by TLC. After stirring 
for 24 hour the solvent was removed and the IH NMR analysis showed only starting 
material. 
34. Attempted Synthesis of (2R)-3-Phenyl-2-{[(lE)-3-phenylhexa-l,S-
dienyl]amino}propan-I-ol using Mercury (11) Catalyst 
H 
roN -;?' I,r:::: ~ HO 
372 
To a flamed dried RBF containing diene 229 (1.00 g, 3.30 mmol) in anhydrous 
dichloromethane (10 ml), mercury (Il) trifluoroacetate (1.41 g, 3.30 mmol) was added and 
the reaction was stirred at room temperature under nitrogen. The reaction was carefully 
monitored via TLC and after an hour the reaction was quenched with solution of sodium 
borohydride (0.12 g, 3.30 mmol) in 3M sodium hydroxide solution. The organic layer 
was extracted, dried over anhydrous magnesium sulphate and solvent removed under 
vacuo. The crude IH NMR analysis showed only starting material. The experiment was 
repeated and stirred for 2 hrs, this gave us the hydrolysed cinnamaldehyde. 
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4.3.7. Attempted Synthesis of 1,6-Methyl Substituted Diene 
35. (IS, 2S, 5R)-1-(I- Methylallyl)menthol170 
OH 
~ 
354 
In a dry RBF containing magnesium turnings (0.78 g, 32.00 mmol) and anhydrous THF 
(30 ml), crotylchloride (3.20 ml, 32.0 mmol) was added dropwise and stirred for 30 min 
at room temperature. To the resulting solution of crotylmagnesium chloride, (-)-menthone 
(2.24 ml, 13.0 mmol) was added at 0 QC and the reaction was stirred for 2 hrs under inert 
atmosphere. Ethyl acetate was added to the reaction and the mixture was washed with 
brine. The extract was dried over anhydrous magnesium sulphate and concentrated in 
vacuo to give diastereomeric mixture of 354 which was separated via flash column 
chromatography to give pure major isomer 354a (2.00 g, 73% yield) as a colourless oil. 
[ulz5 D +25.0° (c 1.30, CHCh); Vmox (neat)/cm'! 3572 (O-H), 3075, 2951, 2868, 2843 (C-H 
stretch), 1711, 1633, (C=C), 1455, 1378, 1365, 1329 (C-H), 1178, 1159, 1007 (C-O), 942, 
922, 849 and 735 (C-H); OH (400 MHz, CDCh) 0.78-0.95 (JH, m, CHCH(CH3)z), 0.79 
(3H, d, J 6.4, CHCH3CH3), 0.85 (3H, d, J 7.2, CHCH3CH3), 0.86 (3H, d, J 7.2, CH3), 
0.90 (3H, d, J 6.8, C(3)CH3), 1.18-1.19 (lH, m, CH3CH), 1.26-1.32 (2H, m, CHz), 1.42-
1.44 (2H, m, CHz), 1.67-1.70 (2H, m, CHz), 2.01 (lH, septet, J6.8, CH(CH3H 2.53 (JH, 
quintet, J 7.2, CH3CHCHz), 5.05-5.06 (2H, m, CHz=CH), 5.79 (lH, dddd, J 18.4, 10.8, 
8.4 and 1.6, CH2=CH); DC (100 MHz, CDCb) 15.05 (CH3), 18.36 (CH3), 20.96 (CH2), 
22.97 (CH3), 23.77 (CH3), 25.38 (CH), 27.93 (CH), 35.62 (CH2), 41.90 (CH2), 45.61 
(CH), 46.35 (CH), 76.55 (q), 117.00 (CH2), and 141.18 (CH); mlz (El) 210 (M+, 2%), 
155 (lOO) 137 (40), 125 (12), 95 (53), 81 (83) and 55 (38). Found: M+, 210.1981. 
C!4Hz60 requires M+, 210.1984. 
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36. Attempted Synthesis of (2R)-3-Phenyl-2-{[«lR,3E)-2-phenyleth-l-enyl]pent-3-
enyl}amino)propan-I-ol via Crotyl Transfer Reaction 
~ ccr~~I ~ = ,.-;;; HO ~CH3 
328b 
To a solution of Imine 228 (0.68 g, 2.60 mmol) and 354a (1.13 g, 5.40 mmol) in 
anhydrous dichloromethane (15 ml) was added toluensulphonic acid monohydrate (0.057 
g, 0.26 mmol) and the reaction was stirred at 20°C under inert atmosphere for 24 hrs. 
The reaction mixture was washed with saturated aqueous sodium hydrogen carbonate (20 
ml) and the organic layer was extracted, dried over anhydrous magnesium sulphate and 
concentrated to give orange oil. IH NMR spectral analysis showed the presence of only 
starting material. The experiment was further repeated under reflux condition and this 
gave us traces of cinnamaldehyde and starting material. 
37. Attempted synthesis of (2R)-3-Phenyl-2-{[«lR,3E)-2-phenyleth-l-enyl]pent-3-
enyl)amino)propan-I-ol using Cerium Trichloride and Vinylmagnesium Bromide 
To a suspension of pre-dried (12 hrs at 200°C) CeCh (2.04 g, 8.30 mmol) in anhydrous 
THF (40 ml) at -78°C, IN vinylmagnesium bromide (8.3 ml) was added. After stirring 
212 
- -------
for 3 hrs at -78°C, imine 228 (0.37 g, 1.40 mmol) was added and the suspension was 
allowed to warm to room temperature and stirred overnight. The suspension was poured 
into water (25 ml) and extracted with diethyl ether (3 x 40 ml). The organic layer was 
dried over anhydrous K2C03 and concentrated in vacuo to give a yellow oil. After 
purification using petroleum ether/ethyl acetate (10:2), gave as the undesired product. 
38. Methyl-(Z)-3-iodobut-2-enoateI74 
A mixture ofmethyl-2-butynoate (1.00 g, 10.00 mmol) and NaI (1.70 g, 11.00 mmol) in 
acetic acid (30 ml) was stirred and heated at 70°C for 12 hrs. The mixture was quenched 
with H20 (5 ml) and neutralised with potassium carbonate until no carbon dioxide was 
evolved. The reaction was extracted with diethyl ether (3 x 20 ml), dried over anhydrous 
magnesium sulphate and solvent removed under reduced pressure. The crude yellow oil 
was purified via column chromatography eluting with cycIohexanes and ethyl acetate in 
the ratio of 10: 1 respectively, to afford 365 as a colourless oil (1.97 g, 87% yield). OH 
(400 MHz, CDCh) 2.75 (3H, s, CH3CI), 3.76 (3H, s, C02CH3) and 6.31 (lH, s, CH=C); 
oe (100 MHz, CDCh) 36.6 (CH3), 51.6 (CH3), 113.8 (q), 125.2 (CH) and 164.8 (q). 
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39. (Z)-3-Iodobut-2-en-l-o\175 
I~OH 
H3C H 
366 
To a magnetically stirred solution of ester 365 (1.00 g, 4.20 mmol) in anhydrous diethyl 
ether at 0 °c, 1 M DIBAL-H solution in THF (13.27 ml, 13.00 mmol) was added 
dropwise. The reaction was stirred for a further 30 min before being quenched with ethyl 
acetate (5 ml) followed by sufficient 1 M HCI solution to dissolve all the precipitated 
solid. The separated aqueous phase was extracted with diethyl ether (3 x 100 ml) and the 
combined organic phases was washed with 1 M HCI (3 x 50 ml) and saturated sodium 
hydrogen carbonate solution (50 ml), dried over anhydrous magnesium SUlphate and 
solvent removed under reduced pressure to yield 366 as a colourless oil, (0.75 g, 90% 
yield). OH (400 MHz, CDCh) 2.55 (3H, s, CH3C1), 4.18 (2H, d, J 8.0, CH20H) and 5.79 
(lH, t, J 8.0, C=CH); Oc (lOO MHz; CDCh) 33.7 (CH3), 67.4 (CH2), 103.7 (CH), and 
134.1 (q). 
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40. (Z)-3-Iodobut-2-enylmethanesulfonateI75 
Compound 366 (0.30 g, 1.50 mmol) and triethylamine (0.25 ml, 1.80 mmol) in DCM (10 
ml) was cooled to -23 QC and treated dropwise with methanesulfonyl chloride (0.14 ml, 
1.80 mmol). The mixture was stirred for 2 hrs and then allowed to warm to room 
temperature. The reaction was quenched with 10% citric acid solution (3 x 10 ml), dried 
over anhydrous magnesium sulphate and concentrated to give crude mesylate 367, (0.34 
g, 83% yield). OH (400 MHz, CDCb) 2.60 (3H, s, CH3CI), 3.69 (3H, s, CH3S03), 4.77 
(2H, d, J 4.0, CHCHz) and 5.82-5.85 (lH, m, CHCHz); oc(IOO MHz, CDCb) 33.7 (CH3), 
37.9 (CHJ), 52.6 (CHz), 103.8 (CH) and 128.0 (q). 
41. (Z)-1-Bromo-3-iodo-but-2-eneI75 
To a solution of 367 (0.30 g, 1.08 mmol) dissolved in acetone (25 ml), LiBr (0.59 g, 6.74 
mmol) was added and the mixture was heated under reflux for 25 min. The reaction was 
cooled to ambient temperature and water (5 ml) was introduced. The product was 
extracted into diethyl ether, dried over anhydrous magnesium sulphate and solvent 
removed under reduced pressure to yield 368 as a colourless oil, (0.22 g, 79% yield), 
which rapidly turned purple and had to be used straight away in the next experiment. OH 
(400 MHz, CDCb) 2.59 (3H, s, CH3CI), 4.00 (2H, d, J 8.0, CHCHz) and 5.77-5.80 (lH, 
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m, CHCH2); Oe (100 MHz, CDCb) 33.7 (CH3), 35.7 (CH2), 103.7 (CH), and 131.1 (q). 
Found: (M+l)+, 261.8624. C4H6BrI requires (M+lt, 261.8637. 
42. Attempted Synthesis of (2R)-3-PhenyI-2-{[«IR,3E)-2-phenyleth-l-enyIJpent-3-
enyI}amino)propan-l-oI using Diindium Reagent173 
Mixture of in diu m powder (0.04 g, 0.38 mmol), imine 228 (0.08 g, 0.38 mmol) and 368 
(0.10 g, 0.38 mmol) was stirred in THF (5 ml) at room temperature for 2 hrs. The 
reaction mixture was quenched with I N hydrochloric acid and the product was extracted 
with diethyl ether. The extracts were washed with brine, dried over anhydrous sodium 
sulphate and solvent removed under reduced pressure to give an orange oil. 1 H NMR 
spectral analysis ofthe crude showed only decomposed product. 
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43. Attempted Synthesis of (2R)-3-Phenyl-2-{[(lR,3E)-2-phenyleth-l-enyl)pent-3-
enyl}amino)propan-l-ol using reactive Barium ReagentI76 
In an oven dried RBF, freshly cut lithium (0.21 g, 30.25 mmol) and biphenyl (4.88 g, 
31.62 mmol) was placed in anhydrous THF (10 ml), and the reaction mixture was stirred 
for 2 hrs at ambient temperature (until lithium was completely consumed). In a separate 
RBF, anhydrous BaI2 (5.91 g, 15.00 mmol) was dissolved in anhydrous THF (10 ml) and 
stirred for 5 min at ambient temperature. To the resulting yellowish solution of Balz, 
lithium biphenylide was added using a cannula. The reaction mixture was stirred for 30 
min. A solution of crotyl chloride (1.35 ml, 13.8 mmol) in THF (5 ml) at _78°C was 
added to the reactive barium suspension and the mixture was stirred for 20 min at _78°C, 
followed by addition of imine 228 (1.82 g, 6.89 mmol). The mixture was stirred at -78°C 
for 20 min followed by 1 hr at room temperature. The mixture was treated with IN HCI 
(10 ml) and the aqueous layer was extracted with diethyl ether (10 ml). The organic 
layers were combined, washed with IN sodium thiosulphate solution (20 ml), dried over 
anhydrous magnesium sulphate and solvent removed under reduced pressure to gIve 
brown oil. IH NMR spectroscopy showed only decomposed product. 
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4.3.8. Miscellaneous Compounds 
44.4-Phenylsulfanyl-hexa-l,5-diene-3-oI146 
HO~ 
PhS~ 
336a 336b 
In a flame dried RBF, 1.4 M solution of sec-BuLi (30.1 0 ml, 43.00 mmol) was added 
dropwise to a solution of allylphenyl sulphide (6.28 ml, 43.0 mmol) in dry THF (60 ml) at 
-78 QC under inert atmosphere and the mixture was stirrred for a 30 min before adding 
ZnCh (43.00 ml, 43.00 mmol) dropwise. The reaction was stirred for a further 30 min 
and then acrolein (2.38 ml, 36.0 mmol) was added and the mixture was left to stir at -78 
QC for 10 min followed by warming to ambient temperature (1 hr). The reaction was 
quenched with n-pentane, washed with saturated ammonium chloride (2 x 30 ml), 
followed by water (2 x 30 ml), dried over anhydrous magnesium sulphate, filtered and 
solvent removed under reduced pressure to give a diastereomeric mixture of yellow oil. 
Purification via flash column chromatography using petroleum ether/ethyl acetate (10: 1), 
gave 336a (3.90 g, 53% yield) and 336b (1.48 g, 19% yield). 
Analysis of 336a 
Vrnax (fiIm)/cm-1 3419 (O-H), 3075, 2979, 2872 (C-H), 1634, 1582 (C=C), 1479, 1438, 
1417,1088,1066, 1024 (C-O), 988, 924, 839, 793, 740 and 691 (C-H Ar); OH (400 MHz, 
CDCb) 2.51 (IH, br s, OH), 3.74 (lH, dd, J 8.9 and 4.3, PhSCH), 4.28 (lH, t, J 4.3, 
HOCH), 4.97-5.11 (2H, m, PhSCHCH=CH2), 5.18 (IH, d, J lOA, HOCHCH=CHH), 5.32 
(lH, dd, J 17.1 and 0.36, HOCHCH=CHH), 5.81-5.93 (2H, m, HOCHCH and 
PhSCHCH=CH2), 7.23-7.26 (3H, m, ArH) and 7.40-7.60 (2H, m, ArH); oe (100 MHz, 
CDCb) 59.21 (CH), 73.53 (CH), 116.83 (CH2), 118.71 (CH2), 127.49 (CH), 128.99 (2 x 
CH), 132.75 (2 x CH), 133.99 (q), 134.23 (CH) and 137.31 (CH); mlz (El) 206 (M+, 3%), 
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149 (85), 134 (49), 116 (100), 109 (89), 91 (17) and 77 (55); Found: M+, 206.0763. 
C12HI40S requires M+, 206.0765. 
Analysis of 336b 
Vrnax (film)!cm-I 3410 (O-H), 3075, 2979, 2871 (C-H), 1682, 1634, 1582 (C=C), 1479, 
1438, 1088, 1066, 1024 (C-O), 986, 924, 740 and 691 (C-H Ar); DH (400 MHz, CDCI3) 
2.40-2.41 (2H, m, CH2CH=CH), 4.17-4.20 (!H, m, HOCH), 5.15 (2H, ddd, J 12.84, 10.4 
and 1.24, CH=CH2), 5.84-5.92 (2H, m, CH=CH2 and CH=CHSPh), 6.25 (lH, d, J 15.0, 
CHSPh), 7.20-7.21 (3H, m, ArH) and 7.25-7.35 (2H, m, ArH); Dc (lOO MHz, CDCb) 
40.76 (CH2), 72.06 (CH), 115.28 (CH2)' 125.19 (CH), 126.45 (2 x CH), 127.80 (CH), 
129.05 (2 x CH), 130.60 (CH), 135.95 (q) and 140.07 (CH); mlz (El) 206 (M+, 5%), 149 
(100), 134 (16), 116 (42), 110 (25), 77 (11) and 55 (15); Found: M+, 206.0763. C12HI40S 
requires M+, 206.0765. 
45. (IR,2S)-I-Cyclohexyl-2-(phenylthio )but-3-en-I-oI177 
~ 
HO H 
342a 
To a solution of allylpheny sulfide (0.36 g, 2.40 mmol) in anhydrous THF (8 ml) was 
added 1.4 M solution of n-BuLi (1.70 ml, 2.40 mmol) dropwise at _78° C and the orange 
mixture was stirred at 0 °C for 30 min. Titanium tetraisopropoxide (0.71 ml, 2.40 mmol) 
was added to the resultant solution at -78°C and the reaction stirred for 10 min. 
Cyclohexanecarbaldehyde (0.24 ml, 2.00 mmol) was added over a period of 5 min at -78 
°C and the mixture was stirred at -78°C for a further 10 min and then at 0 °C for 1 hr. 
The reaction was quenched with water and the organic layer was extracted with diethyl 
ether, dried over magnesium sulphate, filtered and solvent removed under reduced 
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pressure to gIve yellow oil. Purification via flash column chromatography using 
cyclohexanes and diethyl ether (10:3) gave a colourless oil (0.43 g, 83% yield). Vrnax 
(film)/cm"I 3403 (O-H), 2921, 2849 (C-H),1479, 1437 (C=C), 1064 and 1024 (C-D); DH 
(400 MHz, CDCh) 0.81-1.74 (10H, m, CH2 cyc1ohexanone), 2.22 (!H, d, J 4.0, 
CHCHDH), 3.37-3.40 (!H, m, CHSPh), 3.88 (lH, dd, J 8.0 and 4.0, CHDH), 5.08-5.17 
(2H, m, CH2=CH), 5.82-5.91 (!H, m, CH2=CH) and 7.24-7.43 (5H, m, ArH); Dc (100 
MHz, CDCh) 23.9 (CH2), 24.0 (CH2), 24.4 (CH2), 26.8 (CH2), 26.9 (CH2), 38.4 (CH), 
54.4 (CH), 73.8 (CH), 116.9 (CH2), 125.5 (CH), 127.0 (2 x CH), 130.8 (2 x CH), 131.5 
(CH) and 131.8 (q); mlz (El) 262 (M+, 75%), 245 (100), 136 (52), 109 (76), and 43 (100). 
Found M+, 262.1395. C16HnDS requires M+, 262.1391. 
46. (5E,3R)-1-Phenylhept-5-en-3-oI170 
OH 
Ph~ 
355 
To a solution of3-phenylpropanal (0.13 rnl, 0.10 mmol) and 354a (0.40 g, 1.90 mmol) in 
dichloromethane (10 ml) was added toluenesulphonic monohydrate (0.02 g, 0.1 0 mmol). 
After stirring for 20 hrs at 20°C, the reaction mixture was washed with saturated aqueous 
sodium hydrogen carbonate (3 ml), dried over anhydrous sodium sulphate and 
concentrated in vacuo. The residue was purified using column chromatography on silica 
gel eluted with petroleum ether and diethyl ether (10:1) to give 355 as a colourless oil, 
(0.15 g, 83% yield). [a]25 0 +14.2° (c 1.1, CHCh); v""' (film)/cm"j 3381 (O-H), 3060, 
2916,2855 (C-H), 1602, 1494 (C=C), 1260, 1077, 1029 (C-D), 967, 935, 800 and 746 (C-
H Ar); OH (400 MHz, CDCh) 1.67 (3H, d, J 8.0, CH3CH=CH), 1.73-1.77 (2H, m, 
PhCH1CH1), 1.93 (!H, br s, DH), 1.99-2.11 (JH, m, CH3CH=CHCHH), 2.19-2.21 (IH, 
m, CH3CH=CHCHH), 2.65-2.67 (lH, m, PhCHH), 2.75-2.79 (lH, m, PhCHH), 3.57-3.61 
(!H, m, CHOH), 5.39-5.43 (IH, m, CH3CH=CH), 5.51-5.56 (!H, m, CH3CH=CH) and 
7.16-7.28 (5H, m, ArH); Dc (100 MHz, CDCI3) 18.47 (CH3), 32.51 (CH2), 38.82 (CH2), 
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41.26 (CH2), 70.71 (CH), 126.19 (CH), 127.41 (CH), 128.79 (2 x CH), 128.87 (2 x CH), 
129.38 (CH) and 142.65 (q); mlz (El) 190 (M+, 15%), 149 (30), 107 (lOO), 91 (23) and 
79 (24). Found: M+, 190.0998. C12H1402 requires M+, 190.0994. 
HPLC analysis (ChiralCeI OD, HexaneslPropan-2-o1 20:1, 0.5 mL.min- l ) gave an e.e. of 
93%. 
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Table 1. Crystal data and structure refinement for 272a. 
Identification code 
Chemical fonnula 
Fonnula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient /-1 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F'>2crj 
R indices (all data) 
sma28 
C1,H"IO, 
316.12 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, P212121 
a = 6.6491(4) A 
b = 6.8227(4) A 
c = 25.8973(14) A 
1174.83(12) A3 
4 
1.787 g/cm3 
2.704 mm-l 
616 
pale yellow, 0.46 x 0.35 x 0.28 mm3 
8847 (9 range 2.99 to 28.93°) 
Bruker SMART 1000 CCD diffractometer 
co rotation with narrow frames 
3.09 to 28.93° 
h -8 to 8, k -9 to 9, 1-34 to 34 
99.8% 
0% 
10340 
2793 (Ri"t = 0.0160) 
2708 
semi-empirical from equivalents 
0.369 and 0.518 
direct methods 
Full-matrix least-squares on F' 
0.0141,0.3043 
2793/0/137 
RI = O.oI50, wR2 = 0.0336 
RI = 0.0158, wR2 = 0.0338 
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---- - - -------------------------
Goodness-of-fit on F2 
Absolute structure parameter 
Extinction coefficient 
Largest and mean shiftlsu 
Largest diff. peak and hole 
1.065 
0.001(16) 
0.0026(2) 
0.001 and 0.000 
0.272 and-o.310 e}\3 
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Table 2. Atomic coordinates and equivalent isotropic displacement parameters CAl) 
for 272a. U,q is defined as one third of the trace of the orthogonalized UIJ tensor. 
x y z U,q 
0(1) 0.4486(2) 
-0.02691(19) 0.02974(5) 0.0268(3) 
C(!) 0.2969(3) 0.1027(3) 0.02822(7) 0.0255(4) 
0(2) 0.1883(2) 0.1013(2) 
-0.00921(5) 0.0356(4) 
C(2) 0.2705(2) 0.2457(4) 0.07190(6) 0.0257(3) 
C(3) 0.3685(3) 0.1822(3) 0.12296(7) 0.0230(4) 
C(4) 0.5815(3) 0.1157(3) 0.11090(7) 0.0242(4) 
C(5) 0.5743(3) 
-0.0600(3) 0.07538(7) 0.0249(4) 
C(6) 0.7738(3) 
-0.1206(3) 0.05204(8) 0.0302(4) 
1(1) 0.968773(17) 
-0.24209(2) 0.109752(5) 0.03240(5) 
C(7) 0.3477(3) 0.3443(3) 0.16248(7) 0.0238(4) 
C(8) 0.4939(3) 0.4875(3) 0.17012(8) 0.0318(4) 
C(9) 0.4638(4) 0.6366(3) 0.20647(8) 0.0368(5) 
C(10) 0.2891(4) 0.6432(3) 0.23467(8) 0.0374(5) 
CCll) 0.1429(4) 0.5033(4) 0.22709(9) 0.0382(5) 
C(12) 0.1726(3) 0.3553(3) 0.19136(8) 0.0308(4) 
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Table 3. Bond lengths [A) and angles [0) for 272a. 
O(l)-C(I) 1.342(2) O(I)-C(5) 1.465(2) 
C(1)-O(2) 1.209(2) C(I)-C(2) 1.504(3) 
C(2)-C(3) 1.536(2) C(3)-C(7) 1.513(3) 
C(3)-C(4) 1.520(3) C(4)-C(5) 1.511(2) 
C(5)-C(6) 1.515(3) C(6)-I(I) 2.145(2) 
C(7)-C(12) 1.386(3) C(7)-C(8) 1.392(3) 
C(S)-C(9) 1.400(3) C(9)-C(IO) 1.373(3) 
C(10)-C(1 I) 1.377(3) C(11)-C(l2) 1.3S4(3) 
C(1)-0(1)-C(5) 123.64(14) 0(2)-C(1 )-0(1) 117.S6(1S) 
O(2)-C(1 )-C(2) 122.57(17) 0(1 )-C(1 )-C(2) 119.55(16) 
C(I)-C(2)-C(3) 114.49(17) C(7)-C(3)-C(4) 116.25(15) 
C(7)-C(3)-C(2) 109.69(15) C(4)-C(3)-C(2) 107.61(15) 
C(5)-C(4)-C(3) 109.42(15) O(I)-C(5)-C(4) 112.75(15) 
0(1)-C(5)-C(6) 102.69(15) C(4)-C(5)-C(6) 115.59(17) 
C(5)-C(6)-I(1) llO.SS(13) C(I2)-C(7)-C(S) 11S.16(1S) 
C(12)-C(7)-C(3) 11 S.77(1S) C(S)-C(7)-C(3) 123.04(17) 
C(7)-C(S)-C(9) 120.37(19) C(10)-C(9)-C(S) 120.2(2) 
C(9)-C(10)-C(I I) I 19.9(2) C(10)-C(11)-C(12) 120.0(2) 
C(11)-C(12)-C(7) 121.4(2) 
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Table 4. Anisotropic displacement parameters (A2) for 272a. The anisotropic 
displacement factor exponent takes the form: _27t2[h2a*2UIl + ... + 2hka*b*U12] 
Ull U22 U33 U23 U13 U12 
0(1) 0.0287(7) 0.0296(7) 0.0223(6) -0.0077(5) -0.0060(6) 0.0068(6) 
C(1) 0.0271(10) 0.0274(10) 0.0220(9) -0.0011(8) -0.0014(8) 0.0014(8) 
0(2) 0.0400(9) 0.0411(9) 0.0258(7) -0.0066(6) -0.0128(6) 0.0111(7) 
C(2) 0.0266(8) 0.0274(8) 0.0232(8) -0.0041 (I 0) -0.0022(6) 0.0056(11) 
C(3) 0.0231(9) 0.0236(8) 0.0222(9) -0.0002(6) -0.0001(7) -0.0012(6) 
C(4) 0.0255(9) 0.0253(8) 0.0217(8) -0.0017(8) -0.0034(8) 0.0022(7) 
C(5) 0.0244(10) 0.0267(9) 0.0237(9) -0.0012(7) -0.0044(7) 0.0040(7) 
C(6) 0.0287(10) 0.0327(11) 0.0292(10) -0.0037(9) -0.0019(8) 0.0061(8) 
I(I) 0.02317(6) 0.03035(7) 0.04367(7) 0.00391(7) -0.00609(4) 0.00164(6) 
C(7) 0.0291(10) 0.0248(9) 0.0\75(9) 0.0002(7) -0.0016(7) 0.0036(7) 
C(8) 0.0341(11) 0.0314(9) 0.0298(10) 0.0002(8) 0.0019(9) -0.0029(9) 
C(9) 0.0418(12) 0.0279(10) 0.0407(12) -0.0053(8) -0.0081 (I 0) -0.0027(10) 
C(1O) 0.0508(14) 0.0351(12) 0.0264(11) -0.0104(9) -0.0054(10) 0.0108(10) 
C(lI) 0.0388(13) 0.0494(14) 0.0264(11) -0.0075(9) 0.0064(9) 0.0058(10) 
C(l2) 0.0316(11) 0.0336(11) 0.0271(10) -0.0025(8) 0.0019(8) -0.0024(9) 
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Table 5. Hydrogen coordinates and isotropic displacement parameters (A2) for 
272a. 
.~. 
x y z U 
H(2A) 0.1248 0.2656 0.0778 0.031 
H(2B) 0.3283 0.3734 '" 0.0614 0.031 
H(3) 0.2926 0.0659 0.1361 0.028 
H(4A) 0.6566 0.2236 0.0941 0.029 
H(4B) 0.6518 0.0806 0.1433 0.029 
H(5) 0.5183 
-0.1737 0.0950 0.030 
H(6A) 0.8391 
-0.0052 0.0361 0.036 
H(6B) 0.7503 
-0.2191 0.0246 0.036 
H(8) 0.6147 0.4840 0.1506 0.038 
H(9) 0.5646 0.7334 0.2116 0.044 
H(lO) 0.2692 0.7443 0.2594 0.045 
H(II) 0.0215 0.5083 0.2464 0.046 
H(l2) 0.0708 0.2593 0.1865 0.037 
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Table 6. Torsion angles [0] for 272a. 
(;(5}-<)(1)~(1}-<)(2) 
-171.34(19) C(5}-<)(1~(1~(2) 10.0(3) 
0(2)~(1 )-C(2~(3) 159.41(19) 0(1)-C(1~(2~(3) 
-22.0(3) 
C(1 )-C(2)~(3)~(7) 175.16(16) C(I)~(2)~(3)~(4) 47.8(2) 
C(7}-C(3~( 4)~(5) 173.99(15) C(2~(3)~( 4)~(5) 
-62.6(2) 
C(1)-O(I)~(5~(4) 
-25.1(2) C(1)-O(1}-C(5~(6) 
-150.16(17) 
C(3~(4)-C(5}-0(1) 51.6(2) C(3~(4)~(5)~(6) 169.27(16) 
0(1 )~(5)-C(6)-I(1) 
-166.99(12) C(4~(5)~(6)-I(1) 69.83(19) 
C(4}-C(3)~(7~(12) 
-152.49( 18) C(2~(3)~(7)~(12) 85.2(2) 
C(4)~(3~(7)~(8) 29.7(3) C(2~(3)~(7)~(8) 
-92.7(2) 
C(12)~(7~(8~(9) 0.6(3) C(3}-C(7)~(8)~(9) 178.47(18) 
C(7)~(8}-C(9)-C(1O) 
-0.3(3) C(8}-C(9)~(10~(11) 
-0.2(3) 
C(9~(10)~(11}-C(12) 0.5(3) C(10~(II~(12~(7) 
-0.2(3) 
C(8~(7)-C(12)~(11) 
-0.4(3) C(3}-C(7)-C(12~(11) 
-178.30(18) 
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